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APPENDIX  A: 


SOIL  BORING  AND  MONITORING  WELL 
LOGS  AND  COMPLETION  FORMS 


BORING  LOGS 


A  summary  of  the  types  of  information  provided  in  the  boring  logs  is  presented 
in  the  following  paragraphs. 

DEPTH 

Sample  depths  were  measured  in  feet  below  land  surface  (BLS).  The  sample  depth 
indicated  next  to  a  sample  refers  to  the  depth  to  the  top  of  the  sample 
interval . 

ELEVATION  (Monitoring  well  logs  only) 

Elevation  refers  to  the  elevation  to  the  top  of  the  sample  interval  measured  in 
feet  above  mean  sea  level  (MSL) . 

LITHOLOGIC  SYMBOLS 

The  lithologic  symbols  provide  a  visual  description  of  the  type  of  soil 
collected  in  the  sample  interval.  The  lithologic  symbols  are  keyed  to  the 
specific  soil  types.  For  key  symbols,  refer  to  the  following  discussion  on 
soil  types. 

LAB  SAMPLE  NUMBER 

The  sample  numbering  identifies  four  characteristics  of  the  sample. 
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Site 


Depth  to  top  of  sample  interval 


For  example,  sample  number  MW-3-1-5  was  collected  at  monitoring  well  1,  Site  3, 
at  a  depth  of  5  feet. 

BLOW  COUNT 

The  blow  count  indicates  the  number  of  blows  required  for  a  40  lb  hammer  to 
drive  a  split- spoon  sampler  24  inches.  The  blows  are  counted  every  6  inches  to 
provide  an  indication  of  the  density  of  the  subsurface  material. 

TOP  OF  SAMPLE 

The  top  of  sample  indicates  the  depth  below  land  surface  (BLS)  of  the  top  of 
the  interval  sampled  by  the  split- spoon  sampling  device. 

RECOVERY 

The  recovery  is  a  measurement  of  the  amount  of  material  retained  by  the  2.0 
foot  split-spoon  sampler.  In  cases  where  no  sample  was  retained  by  the 
split-spoon  sampler,  "No  Recovery"  was  indicated  on  the  boring  log.  Also, 
where  samples  were  not  collected  with  split-spoon  sampler,  the  recovery 
measurement  was  not  possible. 

HNu 

The  HNu  gives  the  value  of  organic  vapor  content  of  the  sample  measured  in 
parts  per  million  (PPM)  by  a  HNu  photoionization  detector.  The  NR  flag  which 
appears  in  this  column  indicates  that  both  of  the  HNu  meters  were 
malfunctioning  during  the  well  logging  process,  therefore  no  readings  were 
recorded. 
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SOIL  TYPE 


Soil  types  are  identified  based  on  the  Unified  Soil  Classification  System 
(USCS).  The  following  USCS  abbreviations  and  lithologic  symbols  were  used  for 
soil  type  identifications: 

GW  -  pebbly  gravels;  coarse  sands,  little  or  no  fines 
GP  -  gravel,  gravel-sand  mixtures,  little  or  no  fines 
GM  -  silty  gravel,  gravel-sand-silt  mixtures 
SW  -  well  graded  sands,  gravelly  sands,  little  or  no  fines 
SP  -  poorly  graded  sands,  gravelly  sands,  little  or  no  fines 
SM  -  silty  sands,  sand-silt  mixtures 
ML  -  silts  and  very  fine  sands 
SC  -  clayey  sands,  sand  clay  mixtures 
m  CL  -  inorganic  clay 

LITHOLOGIC  DESCRIPTION 

The  types  of  lithologic  characteristics  described  in  the  boring  logs  are 
identified  below: 

•  Lithology 

•  grain  size 

•  sorting 

•  roundness/sphericity 

•  density 

•  plasticity 

•  wetness 

•  color 

•  Munsell  color  system  number 

•  other  distinguishing  characteristics 
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Lithology 


The  lithology  of  the  sample  refers  to  the  specific  type  of  material  of  which 
the  sample  is  composed  (i.e.,  gravel,  sand,  silt,  or  clay). 

Grain  Size 

The  grain  size  of  the  sample  refers  to  the  degree  of  coarseness  of  the 
particles  in  each  lithologic  category  (i.e.,  very  fine  to  very  coarse). 

Sorting 


Sorting  is  a  measure  of  the  homogeneity  of  the  size  of  grains  within  the  soil 
sample.  A  well  sorted  sample  is  homogeneous  with  respect  to  grain  size,  while 
a  poorly  sorted  sample  is  heterogeneous. 

Roundness/Sphericitv 

The  degree  of  roundness/sphericity  of  the  grains  within  the  samples  were 
identified  using  the  following: 

•  subdiscoidal 

•  spherical 

•  subprismoidal 

•  prismoidal 

•  rounded 

•  subrounded 

•  subangular 

•  angular 

Density 

Descriptions  referring  to  density  indicate  the  condition  of  the  split-spoon 
soil  sample  and  do  not  necessarily  reflect  the  conditions  of  the  subsurface 
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materials  as  indicated  by  blow  counts.  The  density  of  the  split-spoon  samples 
was  described  using  the  following  terms: 

•  For  sand  and  silt  samples: 

-  loose 

-  medium 

-  dense 

•  For  clay  samples: 

-  soft 

-  stiff 

-  hard 

Plasticity 

Plasticity  of  soils  refers  to  the  ability  of  the  soil  to  be  deformed  without 
breaking  up  and  to  maintain  the  new  shape  after  the  deforming  force  has  been 
released.  Soil  simples  were  classified  as  being  either  non-plastic,  slightly 
plastic,  or  plastic. 

Wetness 


The  degree  of  wetness  in  the  soil  samples  was  described  as  follows: 

•  dry 

•  moist 

•  wet 

Color 

Colors  of  soil  samples  were  identified  using  the  Munsell  system  of  color 
notations.  Colors  were  identified  bv  both  name  and  number  in  order  to  provide 
a  precise  reference  point  for  the  actual  soil  color. 
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Other  Distinguishing  Characteristics 


In  addition  to  the  previously  mentioned  categories  of  sample  description,  any 
additional  unusual  or  distinguishing  characteristics  of  the  sample  were 
provided . 

ADDITIONAL  SYMBOLS  ON  MONITORING  WELL  BOREHOLE  LOGS 

•  S  Indicates  the  screened  interval  of  the  monitoring  well 

•  Indicates  the  static  groundwater  level  within  the  well  on 
May  3,  1989,  unless  otherwise  noted. 
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SITE  1 -UNDERGROUND  FUEL  STORAGE  AREA 
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soil  BORING  NO.  81  - 1  JOE  FOSS  FIELD  DRILLING  COMPANY  LAYNE  WESTERN 

SUPERVISORY  GEOLOGIST  D.  VANWINKLE  SOU  BORING  LOG  RIG  TYPE  HOLLOW  STEM  AUGER 

LOG  BOOK/PG  No.  2/56 

DRILLING  STARTED  4/11/89 

ABANDONMENT  COMPLETED  4/12/89 


I 

I 

I 

I 


uj  3 


—  o 
QC  — 

Q  QC 


l/t  qc 
on  o 
O  CO 


—  Q. 

O  3 

on  t/) 


O 

O 


—  O  O 
1  CD  CO  cO 

<M  *  •  N  • 

.  <  N.  IN  ^ 

*-  >  v»-  »- 


vt  v» 


-  O  CL 

•  o  •  uj  r 

o  UJ  o  o 

z  o  z  a eo 

< 

•  >-  (j  _  _ 

Z  QC  Q.  on  X 

—  a  x  -o 

at  i/)  w  o  I 


a)  >  O  ~  O 

ac  co  -j  o 


— »  uj  i/> 
-a-  u 
O  >•  </n 
u>  *— 


a  x  cd 

o  <  - 

!*-  vn  w 


28 

CS  <_J 


<  a.  co 
-•XX 
<  3 


O  CO 

O  -< 
O 
O  CO 


X  *-» 

p-  (/> 

a. 

UJ  cs 

O 


fS- 


s  % 


a>  a 

U  (A 

m  — 

C-  3 


—  in 
O 

<j  >- 


C 

o 

8. 


—  c 
<0  o 

£  2. 


c 

X  X 

•  *  o  — 

—  L_  w  ■  >*~ 


1  <0  -  OC 

i  a  .  go 

♦-  o 

u  •— 

O 

*J 

at 

>- 
(A  10 

—  at  3 
(-  (A  o 

*-*  at 

<-  (A 

-  •  C2 

E  O  3 

2  ^  ' 
Cn  C 

I  i 

(A  (A 

<0 

X  — 

—  to  • 
(ILL 
>  O 

o  °  c 

a“S 

(A  O 

X 

-  e  £  2 
*•-  o  a» 

O'  — 

■  —  o 
"la  R. 

lA 

X 

o 

o 


X 

o 


o  *-< 


O  <A 

u 

X*- 

L_  W 

a*  </i 

>  a 


ti 

fc. 

u  at 

(A 

8  8 

CTJ  — 

W  •• 

•  <0 

(A  3 

a>  •«- 

si 

E  01 
O  <J 
<A  <0 


I 


on  o 
oc  u 


8 

It 


QC 
Ui 
>  tA  £ 


O 

on 

© 


X  •  *  l. 

l_  —  <D 

at  <o  o 

>30 
■—  l. 

•  -  Q  3 
(A  £  X 

O  Id  £ 

P~ 

u  ii  \ 
o  m  • 

O  in  *  c 

«  UM  I 
w  O 
(A  >-  U 
at  -in  2 

3  "Jo  w  ^ 

2  3  -  <a 

Hoax 

U  U  <0 
4*  (A  O)  l_ 
C  —  Ot 
-  3  ^ 


—  x  at 

»  to  a  > 


X 

§ 


>  "<o  "2  5  ■ 


&2 


at  2  3  •• 

*-•  w  c  3 

u  D  6 

o  —  o  *- 

_  <A  — -  i_  (0 
U  (A  L.  —  3  L. 

at  -  o  x~  3  3 

>1-3  — >  i/>  «j 

Q.  q  i - ■  n 


ca  a»  3 

a;  a) 

tru  o 

*-*  •  «A  "v. 


-?s 

'  —  O  U 

I  W  L_ 

C 

n—  O  — 
.  m 

’  U  3  R 

*2  52 


■-2  — 


o  x 

"  Sz 

x  ~  o 

Is  a 

S.W  (A* 
—  0/ 


v  <0  t-  2L  at 

sl^-s  J 


-  _  <J  •  - 

—  <0  2  S3  *-<  u 

2  X  C.  <«w  (_  •- 

2  *-  «o  — '  o  o  w 

O  U  41  (A  (A 
u  »  O  >  <•  10 

—  L_  (0  X— ' 

o  <0  3  i-  *-  — -  a. 

~  3  x  o>  x.  at  . 

-2  n»*-C_ - 

(AO  X  CO  o  O  — 2 
at  o  >-  (-  c  3  at  Z 

— -  (A  2  m  at  o  >  at 

2- -*  •-  2  w  3  •  -  <0wQt 

23X0  5  at  c  u  <o 

at  m  a.  -  £  (A  o  at-—  at 

2  _  X  02  u  C 

e  «  •  *  o  a.  X  <0  - 

3  L.  —  —  «  —  — 

g*vi  *8  jr, 

ia  •  «vj<  «  -  i-  at  •  *  o 
—  x  E  *-  »-  t,  3  u. ^  <o 

*  4>  •  <0  CA  3  X  <M  L 

000.03  -20XW 

z~  o»  xo  ♦-  m 

<  O  •  *—  U  4-» 

tA  4t  • « 3  *->  2  (A£3>-3 
zj3C(A2-cr>cmC 

LuQuOtm-—  a»3  —  <o  •  ca 
</l  </)  4*  <A  Q  2.2  — '  <A  nt  (A 

QC  <0  fc  J  (A  w 

<  • .  l.  at  at  <A  at  at 

0  3  3  (A  • »  O  •  *  (A  «(A«« 
uCwluhoi^lxl  u 
3c0«^LuNffl«(0- 
VO(AOwwQS.OaOw 


cn  •* 

?  A- 

wn  *-*  r\j 


10  X  o  «-  o 

QCi.  U  (A  (_  >0  U  CA  O 
Ut  • »  Q  « 

>  o  u  4i-o  »  ^  at 

u  2  z  «mouo 

O  _  w  «»  <  —  •  <o  <o  «> 

X  to  (0  fo  u  3  O 


■3(A  U  X  tA  (0  f\J  U  3  (- 
C  ®  ^  w 

I  3  w  UJ  •  — 

i  o  a  »£w  l  * 

at  l  •  >•  otoe  at  Xx  (A  >- 

O  3  O  — j  ^  O  0.  a  — t  Q  «j 
U  1/1  C  U  (AO(A  OIL)  b  U 


X 

m 

o 


^  X 

E  « 


O 

CM 


^  M  ^ 
X  m  X 
cn  o  m 


o 

in 


o 

■Q 


o 

o 


o 

n 

rvj 


C  —  • 

a  at  nj 

o  X  w 

u 

2  •  ^  » 
—  C 

2  at  x 

(A  >  O 

-  10  L 
X  u  2 
<0  at 

x  ^ 
CT>  X  (A 

z2> 
u  2  <0 
•o  at  l 

3  2  at 

-8  ~ 
ia  -  at 

—  ^  x 

8... 
Oi  o 
o  •— 

<Q 

U  (A 
w  Q 

a 


XCA  C 

w  U)  •• 

2  </>  at 
cn  oe  ca 

-S  8 

W  U  - 


A-9 


-Geotechnical  Sairple 


I 


LLi  l/> 

3  ■ 

LU  ^ 


—  O 
at  — 

O  OL 


o 

►— 

CL 


Q  -> 
-i  Ui 
ui  3 

^  O 

z 

VI  — 
VS  DC 

O  O 


-MU  V) 
—  Q.  LJ 
O  >-  V> 
VS  *-  Z) 


3  *-  O  O 
v>  z  rvj  co  oo 

*-  >  O  «0  V> 

3  —  —  r\i 

X  •  ^  •  • 

Q  rw  v»  -s* 


o 

z  ►- 

—  VI 

«  — 

O  <J 
as  O 

a 

-j  a  ■  uj  uj 

us  O  X  «  «* 
3  <  O 

>-  o  *- 

'j  «  a  v)  z 

z  o  ^  o 

—  VSWO  — 

at  —0X^- 

0  >  O  --  uj 

—  at*-*-* 

—  uj  Cl. 

o  d8*8 

Z  VI  — i  o  u 


O  _j  v» 

*-  V)  W 


23 

CD  O 


as  a  go 

<  X  X 

1^*3 


O  VS 

o  o 

z  as 

—  X 

—  >- 

-*  vs 


>  -i 
UJ  VS 
-I  X 


O 

o 


?  s- 

3  L. 

O  CTS 
u 

-Q  -* 

3  «_ 
vs  m 
TJ 

tT  *.vs 

o  P  -j 

*-»  QJ  CD 

O  <T3  *-< 
vs  c.  as 
■j  a> 
>  *- 
—  <0 
<-  vs  «- 
o  — 

8.  0  >. 

>-  a> 
t-  vs  *■* 
a>  <o  <s 

H— 

•  •  .  x 
V>  c  o 
as  o  u 

s‘l 

V  01 
CL  VS  ^ 

jiJ 

^5  c 
2  o  3 

o  U  8 
c  —  a> 
-  JD 

<4-  U 

as  as 


O  —  rv 

z  ifl'v 

<  o  ^ 
vs  — 

i—  >- 

us  as  vs 

<  vsw 

O 

^■gs 

DC  3  o 

US  O  4— 
>  L.  X> 


3  w 
O 

L.  « 

A  >• 
3  <TJ 


2$ 


3 

>-  *-* 

—  ^ 


8.0 
>•  w 
L.  VS 

as  <o 
>  — 
a 


s .. 

as  as 
Cl  vs 

§  - 
Is 


3 


as  vs 
c  - 
-  TJ 


uj  as 

i2£ 


■•^7 

v>  c  <0  as 
as  5  vs  *-> 
-X  C  ro 

t 

-o  •«  v>  3 
as  as  t-  w 
Q.  vs  <o  <a 

1*S- 


X 

o 

o 

3 


o  u 

8- 

vs 

>.  <0 
L_  — ' 

as  a 

>  ■ 

-S 

8 c 

(TJ  •  - 

vs  as 


1 


o 

o 


_ iiiiiiiiiiiiiiiiiniimmii _ 

.  *  *  * 

~\v-‘-’.v  ■ . .  ,  .  O  ®  ® 

>_•/. « :  *.  • p f- 

o 

o 


o 

o 


■10 


J 


MONITORING  WELL  CONSTRUCTION  SUMMARY 

Well  No. 

MW- 1-5 

Development 

Location  (  SD  Coord.) 

Date  : 

4/27/89 

Northings 

471,831.1 

Type  : 

PUMPING 

Eastings 

2,953,310.6 

Volume  Purged  : 

1242  GALLONS 

Reference  Point 

TOP  OF  PVC  CASING 

Reference  Point  Elev. 

1418.28  MSL 

Water  Level/Date: 

1407.19  MSL - 5/3/89 

Type  of  Security 

VAULT 

Supervisory  Geologist 

D.  VanWINKLE 

Log  Book/Page  No. 

2/19-21 

Drilling  Company 

LAYNE  (OMAHA) 

Rig  Type 

HOLLOW-STEM  AUGER 

Dri  Her 

L.  HRA8IK 

Drill ing  Started 

4/16/89  0800 

Dri 1 1 ing  Completed 

4/16/89  1300 

MONITORING  WELL  AS-BUILT 


BLS  MSL 


Watertight  Vault 
Land  Surface 

Top  of  PVC  Flush  Joint  Riser 
w/Locking  PVC  Cap 

Cement/Bentonite  Grout 

4"  I.D.  Schedule  40  PVC 
Flush  Joint  Riser 

Bentonite  1/4"  Pellet 
Seal 

Sand  Pack 

Static  Water  Level 

4"  I.D.  Schedule  40  PVC 
Flush  Joint  Screen 
0.040"  Slot  4  Slots/Inch 

Bottom  Plug 

12"  Borehole  Total  Depth 


0.0 

1418.3 

0.0 

1418.28 

Top 

1.0 

1417.3 

Bottom 

7.6 

1410.7 

Top 

0.0 

1418.3 

Bottom 

9.4 

1408.9 

Top 

7.6 

1410.7 

Bottom 

9.1 

1409.2 

Top 

9.1 

1409.2 

Bottom 

30.0 

1388.3 

5/03/89 

11.09 

1407.19 

Top 

9.4 

1408.9 

Bottom 

24.4 

1393.9 

24.9 

1393.4 

30.0 

1388.3 

All  measurements  in  feet  unless  otherwise  noted 
BLS  -  Below  Land  Surface 
MSL  -  Mean  Sea  Level  Datum 
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MONITORING  WELL  CONSTRUCTION  SUMMARY 


Well  No. 

Location  (  SO  Coord. ) 

MW- 1-6 

Devel opment 

Date  : 

4/27/89 

Northings 

471,927.6 

Type  : 

PUMPING 

Eastings 

Reference  Point 

2,953,234.0 

TOP  OF  PVC  CASING 

Volume  Purged  : 

1196 

GALLONS 

Reference  Point  Elev. 
Type  of  Security 

Supervisory  Geologist 
Log  Book/Page  No. 
Drilling  Company 

Rig  Type 

Driller 

Drilling  Started 
Drilling  Completed 

1418.63  MSL 
VAULT 

D.  VanWINKLE 

2/22-23 

LAYNE  (OMAHA) 
HOLLOW-STEM  AUGER 

L.  HRABIK 

4/16/89  1300 

4/16/89  1900 

Water  Level/Date: 

1407.13 

MSL - 5/3/89 

MONITORING  WELL  AS-BUILT 
BLS  MSL 


Watertight  Vault 


Land  Surface 

0.0 

Top  of  PVC  Flush  Joint  Riser 

0.0 

w/Locking  PVC  Cap 

Cement/Bentonite  Grout 

Top 

1.0 

Bottom 

4.5 

4"  I.D.  Schedule  40  PVC 

Top 

0.0 

Flush  Joint  Riser 

Bottom 

9.2 

Bentonite  1/4"  Pellet 

Top 

4.5 

Seal 

Bottom 

5.9 

Sand  Pack 

Top 

5.9 

Bottom 

30.0 

Static  Water  Level 

5/03/89 

11.50 

4"  I.D.  Schedule  40  PVC 

Top 

9.2 

Flush  Joint  Screen 

Bottom 

24.2 

0.040"  Slot  4  Slots/Inch 

8ottom  Plug 

24.7 

12"  Borehole  Total  Depth 

30.0 

All  measurements  in  feet  unless  otherwise  noted 
8LS  -  Below  Land  Surface 
MSL  -  Mean  Sea  Level  Datum 


1418.6 

1418.63 


1417.6 

1414.1 


1418.6 

1409.4 


1414.1 

1412.7 

1412.7 

1388.6 

1407.13 


1409.4 

1394.4 


1393.9 

1388.6 
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MONITORING  WELL  CONSTRUCTION  SUMMARY 


Well  No. 

Location  (  SD  Coord.) 
Northings 
Eastings 
Reference  Point 
Reference  Point  Elev. 
Type  of  Security 

Supervisory  Geologist 
Log  Book/Page  No. 
Drill ing  Company 
Rig  Type 
Driller 

Drilling  Started 
Drilling  Completed 


MW-1-7 

471,785.5 
2,953,161.7 
TOP  OF  PVC  CASING 
1418.50  MSL 
VAULT 

D.  VanWINKLE 
2/24-25 
LAYNE  (OMAHA) 
HOLLOW-STEM  AUGER 
L.  HRABIK 
4/17/89  0700 
4/17/89  1045 


Development 
Date 
Type 

Volume  Purged 
Water  Level/Date: 


4/28/89 

PUMPING 

1150  GALLONS 

1407.14  MSL- 5/3/89 


MONITORING  WELL  AS-BUILT 


BLS 


Watertight  Vault 


Land  Surface 

0.0 

Top  of  PVC  Flush  Joint  Riser 
w/Locking  PVC  Cap 

0.0 

Cement/Bentonite  G*out 

Top 

1.0 

Bottom 

4.0 

4"  I.D.  Schedule  40  PVC 

Top 

0.0 

Flush  Joint  Riser 

Bottom 

10.1 

Bentonite  1/4"  Pellet 

Top 

4.0 

Seal 

Bottom 

6.1 

Sand  Pack 

Top 

6.1 

Bottom 

23.0 

Static  Water  Level 

5/03/89 

11.36 

4"  I.D.  Schedule  40  PVC 

Top 

10.1 

Flush  Joint  Screen 

0.040"  Slot  4  Slots/Inch 

Bottom 

20. 1 

Bottom  Plug 

20.6 

12"  Borehole  Total  Depth 

23.0 

All  measurements  in  feet  unless  otherwise  noted 
BLS  -  Below  Land  Surface 
MSL  -  Mean  Sea  Level  Datum 


MSL 


1418.5 

1418.50 


1417.5 

1414.5 


1418.5 

1408.4 


1414.5 

1412.4 

1412.4 

1395.5 

1407.14 


1408.4 

1398.4 


1397.9 

1395.5 
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MONITORING  WELL  CONSTRUCTION  SUMMARY 


Well  No. 

Location  (  SD  Coord. ) 

MW - 1  - 8 

Development 

Date 

4/27/89 

Northings 

472,016.2 

Type  : 

PUMPING 

Eastings 

Reference  Point’ 

2,953,186.9 

TOP  OF  PVC  CASING 

Volume  Purged  : 

1265 

GALLONS 

Reference  Point  Elev. 
Type  of  Security 

Supervisory  Geologist 
Log  Book/Page  No. 
Orilling  Company 

Rig  Type 

Driller 

Drill ing  Started 

Drill ing  Completed 

1418.33  MSL 
VAULT 

D.  VanWINKLE 

2/24-27 

LAYNE  (OMAHA) 
HOLLOW-STEM  AUGER 

L.  HRABIK 

4/17/89  1045 

4/17/89  1900 

Water  Level/Date: 

1407.10 

MSL  -  5/3/89 

MONITORING  WELL  AS-BUILT 
BLS  MSL 


Watertight  Vault 


Land  Surface 

0.0 

Top  of  PVC  Flush  Joint  Riser 

0.3 

w/Locking  PVC  Cap 

Cement/Bentonite  Grout 

Top 

1.0 

Bottom 

3.3 

4"  I.D.  Schedule  40  PVC 

Top 

0.3 

Flush  Joint  Riser 

Bottom 

7.9 

Bentonite  1/4"  Pellet 

Top 

3.3 

Seal 

Bottom 

5.3 

Sand  Pack 

Top 

5.3 

Bottom 

30.0 

Static  Water  Level 

5/03/89 

11.48 

4"  I.D.  Schedule  40  PVC 

Top 

7.9 

Flush  Joint  Screen 

Bottom 

27.9 

0.040"  Slot  4  Slots/Inch 

Bottom  Plug 

28.4 

12"  Borehole  Total  Depth 

30.0 

All  measurements  in  feet  uni 

ess  otherwise 

noted 

BLS  -  Below  Land  Surface 
MSL  -  Mean  Sea  Level  Datum 
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MONITORING  WELL  CONSTRUCTION  SUMMARY 


Well  No. 

Location  (  SO  Coord. ) 
Northings 
Eastings 
Reference  Point 
Reference  Point  Elev. 
Type  of  Security 

Supervisory  Geologist 
Log  Book/Page  No. 
Drill ing  Company 
Rig  Type 
Driller 

Dri 11 ing  Started 
Drill ing  Completed 


MW- 1-9 

471,861.1 
2,953,449.9 
TOP  OF  PVC  CASING 
1418.76  MSL 
VAULT 

D.  VanWINKLE 
2/39-40 
LAYNE  (OMAHA) 
HOLLOW- STEM  AUGER 
L.  HRABIK 
4/25/89  0700 
4/25/89  1215 


Development 
Date  : 

Type  : 

Volume  Purged  : 

Water  Level/Date: 


4/26/89 

PUMPING 

1173  GALLONS 

1407.21  MSL - 5/3/89 


MONITORING  WELL  AS-BUILT 
BLS  MSL 


Watertight  Vault 
Land  Surface 

Top  of  PVC  Flush  Joint  Riser 
w/Locking  PVC  Cap 

Cement/Bentonite  Grout 

4"  I.D.  Schedule  40  PVC 
Flush  Joint  Riser 

Bentonite  1/4"  Pellet 
Seal 

Sand  Pack 

Static  Water  Level 

4"  I.D.  Schedule  40  PVC 
Flush  Joint  Screen 
0.040"  Slot  4  Slots/Inch 

Bottom  Plug 

12"  Borehole  Total  Depth 


0.0 

1419.1 

0.3 

1418.76 

Top 

1.0 

1418.1 

Bottom 

5.0 

1414.1 

Top 

0.3 

1418.8 

Bottom 

10.3 

1408.8 

Top 

5.0 

1414.1 

Bottom 

6.8 

1412.3 

Top 

6.8 

1412.3 

Bottom 

25.0 

1394.1 

5/03/89 

11.85 

1407.21 

Top 

10.3 

1408.8 

Bottom 

20.3 

1398.8 

20.8 

1398.3 

25.0 

1394.1 

All  measurements  in  feet  unless  otherwise  noted 
BLS  -  Below  Land  Surface 
MSL  -  Mean  Sea  Level  Datum 
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MONITORING  WELL  CONSTRUCTION  SUMMARY 


Well  No. 

MW- 1  - 10 

Development 

Location  (  SD  Coord. ) 

Date  : 

4/26/89 

Northings 

471,974.5 

Type  : 

TUMPING 

Eastings 

2,953,329.9 

Volume  Purged 

1081 

GALLONS 

Reference  Point 

TOP  OF  PVC  CASING 

Reference  Point  Elev. 

1418.72  MSL 

Water  Level/Date: 

1407.15 

MSL -5/3/89 

Type  of  Security 

VAULT 

Supervisory  Geologist 

D.  VanWINKLE 

Log  Book/Page  No. 

2/43-46 

Dri 1 1 ing  Company 

LAYNE  (OMAHA) 

Rig  Type 

HOLLOW-STEM  AUGER 

Dri  Her 

L.  HRABIK 

Drilling  Started 

4/26/89  0700 

Drill ing  Completed 

4/26/89  1400 

MONITORING  WELL  AS-BUILT 
BLS  MSL 


Watertight  Vault 


Land  Surface 

0.0 

Top  of  PVC  Flush  Joint  Riser 
w/Locking  PVC  Cap 

0.3 

Cement/Bentonite  Grout 

Top 

1.0 

Bottom 

3.9 

4"  I.D.  Schedule  40  PVC 

Top 

0.3 

Flush  Joint  Riser 

Bottom 

8.9 

Bentonite  1/4"  Pellet 

Top 

3.9 

Seal 

Bottom 

5.5 

Sand  Pack 

Top 

5.5 

Bottom 

28.0 

Static  Water  Level 

5/03/89 

11.82 

4"  I.D.  Schedule  40  PVC 

Top 

8.9 

Flush  Joint  Screen 

0.040"  Slot  4  Slots/Inch 

8ottom 

18.9 

Bottom  Plug 

19.4 

12"  Borehole  Total  Depth 

28.0 

AH  measurements  in  feet  uni 

ess  otherwise 

noted 

BLS  -  8elow  Land  Surface 
MSL  -  Mean  Sea  Level  Datum 
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MONITORING  WELL  CONSTRUCTION  SUMMARY 


Development 

Date  :  4/26/89 

Type  :  PUMPING 

Volume  Purged  :  1196  GALLONS 

Water  Level/Date:  1407.08  MSL - 5/3/89 


Supervisory  Geologist  0.  VanWINKLE 
Log  Book/Page  No.  :  2/45-48 

Drilling  Company  :  LAYNE  (OMAHA) 

Rig  Type  :  HOLLOW-STEM  AUGER 

Driller  :  L.  HRABIK 

Drilling  Started  :  4/26/89  1400 

Drilling  Completed  :  4/26/89  2015 


Well  No. 

Location  (  SD  Coord. ) 
Northings 
Eastings 
Reference  Point 
Reference  Point  Elev. 
Type  of  Security 


MW- 1-11 

472,226.8 
2,953,223.6 
TOP  OF  PVC  CASING 
1418.73  MSL 
VAULT 


MONITORING  WELL  AS-BUILT 
BLS  MSL 


Watertight  Vault 
Land  Surface 

Top  of  PVC  Flush  Joint  Riser 
w/Locking  PVC  Cap 

Cement/Bentonite  Grout 

4"  1.0.  Schedule  40  PVC 
Flush  Joint  Riser 

Bentonite  1/4"  Pellet 
Seal 

Sand  Pack 

Static  Water  Level 

4"  I.D.  Schedule  40  PVC 
Flush  Joint  Screen 
0.040"  Slot  4  Slots/Inch 

Bottom  Plug 

12"  Borehole  Total  Depth 


0.0 

1418.9 

0.2 

1418.73 

Top 

1.0 

1417.9 

Bottom 

5.2 

1413.7 

Top 

0.2 

1418.7 

Bottom 

9.7 

1409.2 

Top 

5.2 

1413.7 

Bottom 

6.8 

1412.1 

Top 

6.8 

1412.1 

Bottom 

25.0 

1393.9 

5/03/89 

11.85 

1407.08 

Top 

9.7 

1409.2 

Bottom 

19.7 

1399.2 

20.2 

1398.7 

25.0 

1393.9 

All  measurements  in  feet  unless  otherwise  noted 
BLS  -  Below  Land  Surface 
MSL  -  Mean  Sea  Level  Datum 
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MONITORING  WELL  CONSTRUCTION  SUMMARY 

jssif 

Well  No. 

MW- 1-12 

Devel opment 

Location  (  SD  Coord. ) 

Date  : 

4/28/89 

Northings 

472,152.0 

Type  : 

PUMPING 

Eastings 

2,953,134.7 

Volume  Purged  : 

1173  GALLONS 

Reference  Point 

TOP  OF  PVC  CASING 

Reference  Point  Elev. 

1418.20  MSL 

Water  Level/Date: 

1407.05  MSL - 5/3/89 

Type  of  Security 

VAULT 

Supervisory  Geologist 

D.  VanWINKLE 

Log  Book/Page  No. 

2/52-54 

Drilling  Company 

LAYNE  (OMAHA) 

Rig  Type 

HOLLOW-STEM  AUGER 

Driller 

L.  HRABIK 

Drilling  Started 

4/27/89  1400 

Drilling  Completed 

4/27/89  1930 

MONITORING  WELL  AS-BUILT 
BLS  MSL 


Watertight  Vault 
Land  Surface 

Top  of  PVC  Flush  Joint  Riser 
w/Locking  PVC  Cap 

Cement/Bentonite  Grout 

4"  I.D.  Schedule  40  PVC 
Flush  Joint  Riser 

Bentonite  1/4"  Pellet 
Seal 

Sand  Pack 

Static  Water  Level 

4"  I.D.  Schedule  40  PVC 
Flush  Joint  Screen 
0.040"  Slot  4  Slots/Inch 

Bottom  Plug 

12"  Borehole  Total  Depth 


0.0 

1418.6 

0.4 

1418.20 

Top 

1.0 

1417.6 

Bottom 

3.2 

1415.4 

Top 

0.4 

1418.2 

Bottom 

8.1 

1410.5 

Top 

3.2 

1415.4 

Bottom 

4.5 

1414.1 

Top 

4.5 

1414.1 

Bottom 

30.0 

1388.6 

5/03/89 

11.55 

1407.05 

Top 

8.1 

1410.5 

Bottom 

28.1 

1390.5 

28.6 

1390.0 

30.0 

1388.6 

All  measurements  in  feet  unless  otherwise  noted 
BLS  -  Below  Land  Surface 
MSL  -  Mean  Sea  Level  Datum 


NOT  TO  SCALE 
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MONITORING  WELL  CONSTRUCTION  SUMMARY 


Well  No. 

MW- 1-13 

Development 

Location  (  SD  Coord. ) 

Date  : 

4/27/89 

Northings 

471,622.6 

Type  : 

PUMPING 

Eastings 

2,953,295.6 

Volume  Purged  : 

1380  GALLONS 

Reference  Point’ 

TOP  OF  PVC  CASING 

Reference  Point  Elev. 

1419.34  MSL 

Water  Level/Date: 

1407.24  MSL - 5/3/89 

Type  of  Security 

VAULT 

Supervisory  Geologist 

D.  VanWINKLE 

Log  Book/Page  No. 

2/49-51 

Drilling  Company 

LAYNE  (OMAHA) 

Rig  Type 

HOLLOW-STEM  AUGER 

Driller 

L.  HRABIK 

Dri 1 1 ing  Started 

4/27/89  0700 

Drilling  Completed 

4/27/89  1400 

MONITORING  WELL  AS-BUILT 
BLS  MSL 


Watertight  Vault 


Land  Surface 

0.0 

Top  of  PVC  Flush  Joint  Riser 
w/Locking  PVC  Cap 

o 

o 

Cement/Bentonite  Grout 

Top 

1.0 

Bottom 

4.1 

4"  I .D.  Schedule  40  PVC 

Top 

0.0 

Flush  Joint  Riser 

Bottom 

9.3 

Bentonite  1/4"  Pellet 

Top 

4.1 

Seal 

Bottom 

5.9 

Sand  Pack 

Top 

5.9 

Bottom 

25.0 

Static  Water  Level 

5/03/89 

12.10 

4"  I.D.  Schedule  40  PVC 

Top 

9.3 

Flush  Joint  Screen 

0.040”  Slot  4  Slots/Inch 

Bottom 

19.3 

Bottom  Plug 

19.8 

12"  Borehole  Total  Depth 

25.0 

All  measurements  in  feet  unless  otherwise  noted 
BLS  -  Below  Land  Surface 
MSL  -  Mean  Sea  Level  Datum 


1419.3 

1419.34 


1418.3 

1415.2 


1419.3 

1410.0 


1415.2 
1413.4 

1413.4 

1394.3 

1407.24 


1410.0 

1400.0 


1399.5 

1394.3 
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MONITORING  WELL  CONSTRUCTION  SUMMARY 


Well  No. 

Location  (  SO  Coord.) 
Northings 
Eastings 
Reference  Point 
Reference  Point  Elev. 
Type  of  Security 

Supervisory  Geologist 
Log  Book/Page  No. 
Drilling  Company 
Rig  Type 
Driller 

Drill ing  Started 
Drilling  Completed 


MW- 1-14 

472,343.8 
2,953,016.8 
TOP  OF  PVC  CASING 
1418.87  MSL 
VAULT 

D.  VanWINKLE 
2/56-59 
LAYNE  (OMAHA) 
HOLLOW-STEM  AUGER 
L.  HRABIK 
4/28/89  0700 
4/28/89  1430 


Development 
Date  : 

Type  : 

Volume  Purged  : 

Water  Level/Date: 


4/29/89 

PUMPING 

1840  GALLONS 

1406.97  MSL- 5/3/89 


MONITORING  WELL  AS-BUILT 
BLS  MSL 


Watertight  Vault 


Land  Surface 

0.0 

Top  of  PVC  Flush  Joint  Riser 

0.7 

w/Locking  PVC  Cap 

Cement/Bentonite  Grout 

Top 

1.0 

Bottom 

5.3 

4"  I.D.  Schedule  40  PVC 

Top 

0.7 

Flush  Joint  Riser 

Bottom 

10.2 

Bentonite  1/4"  Pellet 

Top 

5.3 

Seal 

Bottom 

6.8 

Sand  Pack 

Top 

6.8 

Bottom 

25.0 

Static  Water  Level 

5/03/89 

12.55 

4"  I.D.  Schedule  40  PVC 

Top 

10.2 

Flush  Joint  Screen 

Bottom 

20.2 

0.040"  Slot  4  Slots/Inch 

Bottom  Plug 

20.7 

12"  Borehole  Total  Depth 

25.0 
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MONITORING  UF1I  CONSTRUCTION  NUMMARY 

Well  No. 

MW-3-5 

Development 

Location  (  SD  Coord. ) 

Date 

5/1/89 

Northings 

476,197.9 

Type 

PUMPING 

Eastings 

2,948,819.5 

Volume  Purged  : 

1196  GALLONS 

Reference  Point’ 

TOP  OF  PVC  CASING 

Reference  Point  Elev. 

1422.60  MSL 

Water  Leval/Date: 

1407.48  MSL - 5/3/89 

Type  of  Security 

VAULT 

Supervisory  Geologist 

D.  VanWINKLE 

Log  Book/Page  No. 

2/15-17 

Drilling  Company 

LAVNE  (OMAHA) 

Rig  Type 

HOLLOW-STEM  AUGER 

Driller 

L.  HRABIK 

Drilling  Started 

4/15/89  1015 

Drill ing  Completed 

4/15/89  1015 

MONITORING  WELL  AS-BUILT 
BLS  MSL 


Watertight  Vault 
Land  Surface 

Top  of  PVC  Flush  Joint  Riser 
w/Locking  PVC  Cap 

Cement/Bentonite  Grout 

4"  I.D.  Schedule  40  PVC 
Flush  Joint  Riser 

Bentonite  1/4"  Pellet 
Seal 

Sand  Pack 

Static  Water  Level 

4”  I.D.  Schedule  40  PVC 
Flush  Joint  Screen 
0.040"  Slot  4  Slots/Inch 

Bottom  Plug 

12"  Borehole  Total  Depth 


0.0 

1422.5 

-0.1 

1422.60 

Top 

1.0 

1421.5 

Bottom 

8.0 

1414.5 

Top 

-0.1 

1422.6 

Bottom 

13.0 

1409.5 

Top 

8.0 

1414.5 

Bottom 

10.0 

1412.5 

Top 

10.0 

1412.5 

Bottom 

25.0 

1397.5 

5/03/89 

15.02 

1407.48 

Top 

13.0 

1409.5 

Bottom 

23.0 

1399.5 

23.5 

1399.0 

25.0 

1397.5 

All  measurements  in  feet  unless  otherwise  noted 
BLS  -  Below  Land  Surface 
MSL  -  Mean  Sea  Level  Datum 
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STATEMENT  OF  PURPOSE 

The  contents  of  this  report  are  for  use  by  Science 
Applications  International  Corporation  (SAIC).  The  data  contained 
herein,  as  well  as  ail  interpretations,  inferences,  and 
conclusions  drawn :  reflect  MGA’ 3  commitment  to  the  highest 
professional  standards.  Interpretations  are  not  facts,  however, 
and  may  be  subject  tc  unavoidable  errors .  Consequently,  MGA  cannot 
assume  any  liability  for  decisions  made  or.  the  basis  of  these 
data . 

All  data,  including  Inin  document,  are  the  property  of  the 
client.,  and  may  be  used  in  the  normal  practice  of  their  business. 
Publication  of  any  of  this  material  in  professional  journals, 
preset  tat  Lons ,  or  any  other  public  f'oruui  may  have  some  beuring  on 
the  professional  reputations  of  MGA  and  our-  stuff.  Consequently , 
any  use  of  interpretations,  conclusions,  or  other  information 
which  reflects  the  exercise  of  our  professional  judgement,  in  any 
public  forum  must  receive  prior  written  cuthori zat i on  from  MGA. 
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SUMMARY 


A  five-line  seismic  reflection  survey  was  performed  for 
Science  Applications  International  Corporation  (SA1C),  by 
Minnesota  Geophysical  Associates  (MGA)  at  Joe  Foss  Field  in  Sioux 
Falls,  South  Dakota  between  November  30  and  December  2,  1988.  The 
object  of  the  survey  was  to  1)  determine  bedrock  depth,  and 
2)  better  characterize  the  overburden  stratigraphy. 

Seismic  reflection  was  chosen  as  the  optimum  geophysical 
method  for  this  study  because  of  its  capability  for  high 
resolution  both  vertically  and  horizontally.  A  total  of  250  field 
records  were  obtained,  and  the  data  reduced  using  MGA J s  seismic 
processing  system.  The  resulting  seismic  reflection  cross-sections 
are  shown  in  Figures  3  through  7. 

Three  distinct  reflection  events  were  interpreted: 

1)  The  water  table  produced  a  strong  event  across  all  lines, 
at  an  estimated  depth  of  about  15  feet. 

2)  A  buried  alluvial  channel  was  identified  beneath  the  first 
event  and  above  bedrock.  The  trend  and  approximate  depth 
of  the  channel  are  shown  in  Figure  2. 

3)  An  apparent  bedrock  reflector  was  identified  and  mapped. 
Figure  1  shows  contours  of  bedrock  depth  based  on  the 
seismic  .interpretation.  While  the  depth  was  surprising 
(bedrock  hud  been  expected  at  around  45  feet)  the  results 
are  corroborated  by  the  refraction  data,  which  indicate  a 
minimum  depth  of  90  feet  to  a  12,000  f oof /second  layer. 
Previous  work  in  the  area  has  shewn  velocities  of  12,000 
to  18,000  feet/second  for  the  Sioux  Formation. 

Data  quality  for  the  survey  was  mediocre,  due  to  high  ambient 
noise  levels  and  highly  variable  near-surface  material  . 
Consequently,  depth  estimates  from  the  survey  are  not  as  reliable 
as  they  might  otherwise  be.  Some  conclusions  can  be  confidently 
drawn,  however,  such  as  the  existence  and  trend  of  the  channel, 
the  relatively  deep  bedrock,  and  the  general  configuration  of  the 
bedrock  surface. 
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FIGURE  l:  Joe  Foss  Field  Seismic  Reflection  Line 
Locations  with  Bedrock  Depth  Contours 
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INTRODUCTION 


2.  . 


A  five-line  seismic  reflection  survey  was  performed  for 
Science  Applications  International  Corporation  (SAIC),  by 
Minnesota  Geophysical  Associates  (MGA)  at  Joe  Foss  Field  in  Sioux 
Falls,  South  Dakota  between  November  30  and  December  2,  1988. 

Goals 


The  object  of  the  seismic  study  was  two-fold: 

1)  determine  the  depth  and  configuration  of  bedrock; 

2)  characterize,  as  far  as  possible,  the  stratigraphy 
of  the  overburden. 

Survey  Design 

Several  phone  discussions  were  held  between  Phil  Davis  of  MGA 
and  Eric  Gibson  of  SAIC  between  February  23  and  November  26,  1988 
regarding  the  use  of  seismic  methods  at  the  Sioux  Falls  site.  Both 
seismic  refraction  and  reflection  were  considered.  Seismic 
refraction  alone  was  ruled  cut  for  several  reasons,  including 
highly  variable  near-surface  velocities,  probably  velocity 
inversions,  the  necessity  of  longer  geophone  spread  lengths,  and 
the  generally  more  limited  information  potential.  In  addition  to 
its  advantages i  seismic  reflection  would  include  basic  refraction 
information  to  aid  in  velocity  interpretation. 

Five  seismic  Lines  were  planned  as  follows: 

1)  two  northwest-southeast  trending  lines  about  480  feet  in 
1  eng  t.h  ; 

2)  three  southwest-northeast  Lines  about  360  feet  in  length. 

Field  logistics  necessitated  some  adjustment  in  the  planned 
program.  All  five  lines  were  lengthened,  and  some  locations  were 
changed  to  avoid  buildings  and  other  obstacles.  The  final 
configuration  of  seismic  lines  is  shown  in  Figure  1. 

Mo  t  b  od  s 

A  discussion  of  the  seismic  method  is  contained  in  Appendix 
A.  Briefly,  seismic  methods  use  measurements  of  sound  waves  to 
determine  subsurface  structure.  Seismic  reflection  is  much  like 
sonar:  the  time  it  takes  for  an  echo  from  a  subsurface  interface 
to  reach  a  surface  receiver,  when  compensated  for  acoustic 
velocity  and  offset  distance  between  source  and  receiver,  gives  a 
measure  of  the  depth  to  that  interface.  Seismic  refraction  uses 
measurements  of  travel  times,  to  receivers  at  increasing 
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horizontal  offsets,  of  sound  waves  traveling  along  the  upper 
surface  of  a  subsurface  layer  to  measure  both  the  velocity  and 
depth  of  that  layer.  Generally,  refraction  is  better  suited  to 
shallow  targets,  while  reflection,  because  of  the  abundance  of 
near-surface  noise,  works  better  at  depth. 


DATA  ACQUISITION 


A  two-person  field  crew  was  mobilized  to  the  Sioux  Falls  site 
on  November  29,  1988,  to  begin  seismic  acquisition  the  following 
day.  Copies  of  the  field  observer’s  notes  are  in  Appendix  B. 

Field  Procedures 

Seismic  field  acquisition  involves  three  basic  elements: 

1)  a  source  of  acoustic  energy, 

2)  geophones,  or  receivers,  and 

3)  a  seismograph  to  record  the  data. 

The  choice  of  seismic  source  depends  on  various  factors, 
including  depth  of  target,  required  resolution,  and  field 
conditions.  MGA  uses  three  main  seismic  sources: 

1)  the  "Buffalo  Gun",  a  device  which  fires  12-gauge  shotgun 
blanks  into  an  augered  hole  2  inches  wide  by  2  feet  deep; 

2)  the  "Elastic  Wave  Generator"  (EWG),  a  mechanized 
sledgehammer,  which  uses  large  elastic  bands  to  accelerate 
a  300  pound  hammer  against  a  steel  base  plate;  and 


3)  a  manual  10  or  ,2  pound  sledgehammer  swung  against  a  small 
aluminum  baseplate. 


The  gun  is  generally  the  preferred  source  for  shallow  reflection 
because  of  its  simplicity  and  very  short  pulse  duration,  allowing 
slightly  higher  resolution.  The  EWG  is  preferable  for  deep  data 
(greater  energy  than  the  gun),  noisy  conditions  (ability  to 
"stack"  several  shots),  or  areas  where  augering  is  difficult. 
"Stacking"  involves  repeated  source  pulses  at  the  same  location; 
the  data  from  all  pulses  are  summed,  enhancing  any  source- 
generated  energy,  while  cancelling  random  energy  such  as  wind, 
traffic,  etc.  The  sledgehammer  is  reserved  for  situations  where 
neither  of  the  other  sources  is  usable .  All  three  sources  were 
used  in  the  Sioux  Falls  survey  at  various  times. 


4  .  . 


The  seismic  receivers  used  by  MGA  are  24  geophones,  each 
planted  into  the  ground  with  a  three-inch  spike  and  connected  to 
the  seismograph  via  two  12-channel  cables.  On  asphalt  or  other 
hard  surfaces,  the  spikes  are  replaced  by  steel  baseplates  which 
rest  on  the  ground  surface.  The  seismograph  is  a  Bison  Instruments 
GeoPro  8024  with  internal  digital  data  storage.  The  data  are  later 
downloaded  to  floppy  disks  for  computer  processing. 

Twelve  reflection  records  were  acquired  with  each  24-geophone 
spread,  with  shot  locations  beginning  at  the  end  of  the  spread  anil 
continuing  at  ten  foot  intervals  to  the  center  of  the  spread.  At 
this  point,  the  near  twelve-channel  cable  was  redeployed  beyond 
the  farther  cable  in  leapfrog  fashion,  and  the  procedure  was 
repeated  with  the  new  spread. 

Site  Conditions 


Field  conditions  were  difficult.  Snow  and  mud  contributed  to 
equipment  problems,  necessitating  frequent  cleaning  and  drying  of 
equipment.  Noise  from  aircraft  and  truck  traffic  caused  delays,  as 
well  as  deteriorating  data  quality. 

As  expected,  disturbed  near-surface  conditions  were  evident 
in  the  data.  Lines  which  crossed  concrete  surfaces  were  afflicted 
with  surface-borne  noise,  further  reducing  data  quality.  Buried 
tanks  or  other  artificial  fill  material  caused  some  diffraction  of 
seismic  waves.  (One  apparent  buried  tank  is  evident  on  Line  5.) 
Concrete  and  asphalt  surfaces  also  prevented  the  drilling  of  shot 
holes  required  for  the  Buffalo  Gun,  necessitating  the  use  of  a 
surface  seismic  source. 

Production 


In  spite  of  the  logistical  difficulties,  production  rates 
were  quite  good.  A  total  of  250  24-channel  shot  records  were 
obtained  over  a  three  day  period.  Average  daily  production  under 
good  field  conditions  is  about  50  records  the  first  day  in  the 
field  (due  to  initial  surveying  and  testing),  and  80  to  120  in 
subsequent  days.  Under  more  difficult  conditions,  production  may 
drop  substantially.  Although  requiring  long  hours,  productivity 
under  these  adverse  conditions  was  excellent. 
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A  summary  of  data  production  for  the  survey  follows: 


5.  . 


Total  # 


Li  ne  # 

records 

Footage 

1 

60 

600 

2 

44 

440 

3 

42 

420 

4 

62 

620 

5 

42 

420 

Total 

250 

2500 

"Footage"  is  based  on  a  10  foot  shot  interval,  and  is  not 
necessarily  the  same  as  subsurface  coverage  on  the  processed 
lines.  (The  latter  will  normally  be  slightly  greater). 

DATA  PROCESSING 


Computer  processing  of  seismic  reflection  data  has  until 
recently  been  restricted  to  large  computers  and  large  budgets. 
Recent  advances  in  microcomputers  have  allowed  the  adaptation  of 
this  software  for  amal ler-scale  operations.  MGA  uses  a  software 
package  produced  by  the  Kansas  Geological  Survey.  MGA  has  further 
adapted  this  software  to  account  for  the  more  .complicated  wave 
patterns  encountered  in  shallow  reflection  records. 

Five  processes  form  the  core  of  the  seismic  processing 
sequence : 

1 )  sorting , 

2)  gain  correction, 

3)  normal  moveout  ( NMO )  correction, 

4  )  stack j  ng ,  and 

5)  filtering. 

Sorting  involves  reordering  the  individual  seismic  traces 
from  field  records  into  common  midpoint  groups.  A  field  record 
consists  of  a  series  of  traces  from  a  common  shot,  with  receivers 
at  varying  distances.  Traces  from  different  shots  with  common 
source-receiver  midpoints  are  assumed  to  represent  the  same 
subsurface  location.  Each  common  midpoint  (CMP)  gather  consists  of 
traces  with  varying  offsets,  each  from  a  different  shot-receiver 
pair.  (The  term  "common  depth  point",  or  CDP,  is  widely  used  in 
the  seismic  industry.  As  depth  points  are  related  to  subsurface 
structure  as  well  as  source-receiver  configuration,  the  term 
"common  midpoint"  is  more  accurate,  and  is  gaining  in  recognition 
and  usage.  The  two  are  otherwise  synonymous.) 
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Gain  correction  compensates  for  the  decrease  in  amplitude  of 
events  with  travel  time.  Methods  vary,  but  the  most  common  involve 
some  kind  of  automatic  gain  control  (AGC),  where  event  amplitudes 
are  increased  or  decreased  to  fall  within  some  limited  range. 

Normal  moveout  correction  compensates  for  the  increase  in 
travel  time  with  horizontal  offset.  Using  input  velocities,  a 
correction  can  be  determined  which  brings  a  given  event  up  in  time 
to  a  point  equivalent  to  a  vertical  travel  path.  If  the  correction 
is  properly  applied,  a  given  event  will  occur  at  the  same  travel 
time  on  all  traces  within  a  CMP  gather,  and  will  appear  "flat". 
Other  events,  such  as  multiple  reflections,  diffractions,  and 
coherent  noise  will  not  be  corrected  to  a  flat  event,  and  will  be 
attenuated  in  the  stacking  process. 

"Stacking"  is  simply  the  summing  of  all  traces  within  a  CMP 
gather  into  a  single  trace.  Events  which  have  been  corrected  to 
flat  will  be  significantly  enhanced,  while  others  will  be  reduced 
in  relative  amplitude.  The  final  seismic  section  is  simply  a 
series  of  such  summed  traces  from  adjacent  CMP  locations. 

High-frequency  noise  can  be  further  reduced  by  applying  a 
high-cut  digital  filter.  In  the  present  survey,  a  band-pass  filter 
was  applied  with  a  low-cut  frequency  of  40  hertz  and  a  high-cut 
frequency  of  600  hertz. 

In  practice,  seismic  reflection  processing  can  be  extremely 
tricky.  It  requires  experience  to  correctly  identify  reflectors, 
analyze  velocities,  and  subsequently  interpret  the  resulting 
seismic  section.  Shallow  reflection  is  more  difficult  than  deep 
reflection,  and  requires  even  more  "hands  on"  processing.  When 
properly  done,  however,  a  seismic  section  provides  a  wealth  of 
information  not  available  from  any  other  method. 


INTERPRETATION 


General  Aspects  of  Reflection  Interpretation 

The  fundamental  feature  of  a  reflection  seismic  section  is 
the  event .  An  event  is  any  sequence  of  wavelets  which  are  coherent 
across  a  succession  of  traces,  forming  a  discernible  line.  Events 
may  be  reflections  or  spurious  events.  They  may  be  flat,  dipping, 
or  undulating;  high  amplitude  and  "bright",  or  fuzzy  and  barely 
coherent.  When  real  events  are  nicely  coherent,  the  seismic 
section  has  the  appearance  of  a  geologic  cross-section,  with  a  few 
critical  differences. 
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Types  of  spurious  events  include: 

*  multiple  reflections,  or  waves  which  have  traversed  a 
vertical  distance  two  or  more  times; 

*  dif f ractionB .  or  reflections  from  a  small,  sharp  feature 
which  scatter  in  all  directions;  these  take  on  a 
characteristic  hyperbola,  or  diffraction  "umbrella"; 

*  coherent  noise,  such  as  a  steady  vibration  from  off  one 
end  of  the  line,  which  stacks  in  a  coherent  fashion. 

Meaningful  geologic  results  require  that  reflection  events  be 
converted  from  seismic  travel  time  to  depth.  This  may  be  the  most 
critical  aspect  of  reflection  interpretation,  as  the  computed 
depth  depends  entirely  on  the  acoustic  velocities  used.  When 
possible,  direct  measurement  of  seismic  velocity  using  wells  and 
downhole  geophones  provides  the  most  accurate  conversion  possible. 
Refraction  velocities  are  useful,  although  velocity  inversions  and 
hidden  layers  can  cause  problems.  Geology  can  be  a  good  guide  to 
seismic  velocities,  especially  when  coupled  with  refraction  data. 
Unconsolidated  materials,  for  example,  have  a  fairly  limited  range 
of  velocities.  Saturated  sediments  will  show  higher  velocities 
than  dry  material.  Knowledge  of  the  type  of  bedrock  can  make  a 
substantial  difference  in  velocity  estimates.  Normally,  a 
combination  of  these  techniques  provides  the  most  reliable  depth 
conversion . 

The  travel  time  of  a  particular  seismic  reflection  event  is 
the  onset  time.  This  can  be  very  confusing,  as  the  maximum  energy 
of  the  event,  which  is  its  clearest  expression,  typically  occurs  5 
to  20  milliseconds  after  the  onset  time. 

Survey  Interpretation 

The  final  processed  seismic  reflection  sections  are  shown  in 
Figures  3  through  7.  The  numbers  across  the  top  are  arbitrary 
station  numbers,  and  refer  to  the  locations  on  the  plan  view  maps. 
The  numbers  on  the  left  side  are  two-way  travel  times  in 
milliseconds  (ms),  and  can  be  used  to  convert  to  depths  based  on 
interpreted  velocities.  The  depth  scale  on  the  right  is 
approximate;  and  is  based  on  a  model  of  15  feet  of  dry  sediment 
(velocity  =  1200  feet/second)  overlying  saturated  sediments 
(velocity  =  5000  feet/second).  Any  deviations  from  this  velocity 
distribution  will  result  in  depth  conversion  errors. 
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Three  principal  events  have  been  identified  on  the  seismic 
sections,  based  on  refraction  velocities  and  background 
stratigraphic  information.  These  are,  in  descending  order,  the 
water  table  (or  top  of  saturated  sediments),  the  base  of  an 
apparent  alluvial  channel,  and  the  top  of  bedrock,  probably  Sioux 
quartzite . 

Water  table: 

A  quick  interpretation  of  refraction  arrivals  indicated  a 
two-layer  model,  with  a  faster  layer  (5000-6000  ft/sec)  at  about 
15  feet  in  depth  beneath  a  slower  layer  (1000-1200  ft/sec).  The 
faster  velocity  is  similar  to  that  of  water  (about  5000  ft/sec) 
and  almost,  certainly  represents  the  top  of  saturated  sediments. 

The  reflector  identified  in  Figures  3  through  7  may  actually  be  a 
velocity-corrected  refraction  arrival,  and  not  a  reflector  proper. 
It  is  a  valid  seismic  event  nonetheless. 

Buried  channel: 


While  not  as  apparent  as  some  channels,  there  are  several 
strong  indications  of  this  feature.  In  particular,  the 
criss-crossing  events  on  Line  3  (Figure  5)  are  diagnostic  of  a 
trough-shaped  feature,  the  extra  limbs  resulting  from  non-vertical 
reflections.  The  trend  of  the  channel  is  clear,  and  is 
illustrated,  along  with  depth  contours,  in  Figure  2.  Because  of 
the  relatively  mediocre  data  quality  (due  to  conditions  discussed 
above),  the  interpreted  depths  are  at  best  rough  approximations. 
Based  on  the  geologic  setting,  the  channel  is  probably  cut  into 
preexisting  glacial  till. 

Bedrock  reflector: 

Figure  1  shows  depth  contours  on  the  bedrock  surface.  This  is 
surprising  primarily  because  of  the  apparent  depth  of  the  Sioux 
Formation,  which  had  been  expected  at  about  45  feet.  Again,  the 
mediocre  data  quality  makes  the  exact  onset  time  difficult  to 
determine,  and  these  depths  may  be  significantly  in  error.  There 
is  confirmation  of  the  relative  depth  of  bedrock,  however,  in  the 
refraction  data.  Quartzite  typically  has  a  very  fast  seismic 
velocity.  In  another  seismic  survey  in  the  Sioux  Falls  area,  MGA 
measured  velocities  of  12,000  to  18,000  feet/second  from  the  Sioux 
Formation.  In  the  present  survey,  there  was  no  such  event 
appearing  as  a  refraction  arrival  at  offsets  of  up  to  235  feet. 
Using  a  minimum  crossover  distance  of  240  feet  and  a  velocity  of 
12,000  feet/second,  the  shallowest  depth  for  the  Sioux  quartzite 
would  be  about  90  feet. 
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FIGURE  2:  Buried  Channel  Location  with 
Approximate  Depth  Contours 
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It  is  possible  that  bedrock  is  not  a  high-velocity  material, 
either  a  different  formation  than  anticipated,  or  a  significantly 
weathered  Sioux  Formation.  If  this  is  the  case,  the  event  shown  as 
bedrock  may  be  a  reflector  within  the  bedrock,  perhaps  the  base  of 
the  weathered  zone.  If  this  is  the  case,  both  refraction 
velocities  and  the  lack  of  a  strong  reflector  suggest  that  bedrock 
velocities  are  very  close  to  those  of  the  overburden,  perhaps  5000 
to  7000  feet/second. 

Other  features: 


An  interesting  event  appears  on  Line  5  (Figure  7)  near 
station  234.  The  feature,  labeled  "buried  tank?"  is  a  classic 
diffraction  "umbrella",  resulting  from  non-vertical  reflections 
from  a  point  source.  Since  buried  tanks  are  known  to  frequent  the 
site,  this  is  the  most  likely  cause.  The  drop  in  the  water  table 
reflector  beneath  the  diffraction  represents  an  increase  in  travel 
time  due  to  a  lower  velocity  above,  rather  than  an  actual  lowering 
of  the  water  table. 

The  relatively  high  level  of  noise  in  the  shallowest  section 
(above  20  milliseconds)  probably  results  from  scattering  from 
numerous  near  surface  refractors,  such  as  buried  tanks,  building 
foundations,  etc. 


CONCLUSIONS 

The  seismic  reflection  survey  over  the  Joe  Fobs  Field  site 
was  successful  in  addressing  the  naior  goals  of  the  project.  These 
included : 

1)  Mapping  the  top  of  bedrock,  apparently  substantially 
deeper  than  was  originally  thought;  and 

2)  Locating  a  buried  alluvial  channel  in  the  overburden,  as 
well  as  establishing  the  trend  of  the  channel. 

Because  of  mediocre  data  quality,  the  depth  estimates  are 
rough  approximations  only.  Well  data  should  be  reviewed  to  better 
define  the  stratigraphy  of  the  channel.  Follow-up  borings  may  be 
helpful  for  further  stratigraphic  information,  and  possibly  to 
confirm  the  depth  to  bedrock. 

The  Sioux  Falls  seismic  survey  was  difficult,  both  in 
acquisition  and  reduction  of  the  data.  Valid  results  were 
obtained,  however,  and  the  data  will  provide  information  which  can 
be  correlated  with  existing  and  future  data  to  further  the 
understanding  of  the  site. 
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APPENDIX  A: 


Overview  of  the  Seismic  Method 
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A  Brief  Overview  of 
SEISMIC  EXPLORATION 


Introduction 

"Seeing"  with  sound  is  a  familiar  concept.  Bats  do  it. 
Submarines  do  it.  A  blind  person  with  a  cane  does  it.  In  total 
darkness  we  can  sense  whether  we  are  in  a  closed  or  open  space  by 
the  sound  of  echoes  from  our  footsteps. 

Seismic  exploration,  in  principle,  is  nothing  more  than  a 
mechanized  version  of  the  blind  person  and  his  cane.  In  place  of 
the  tapping  cane  we  have  a  hammer  blow  on  the  ground,  or  an 
explosion  in  a  shallow  hole  to  generate  sound  waves.  And  we 
"listen"  with  geophones,  spring-mounted  electric  coils  moving 
within  a  magnetic  field.  These  coils  generate  electric  currents  in 
response  to  ground  vibrations.  Careful  analysis  of  the  received 
sound  wave  can  tell  us  whether  it  is  a  direct,  surface-borne  wave, 
one  reflected  from  some  subsurface  geologic  interface,  or  a  wave 
refracted  along  the  top  of  that  interface.  Each  of  these  waves 
tells  us  something  about  the  geology  of  the  subsurface. 

Seismic  Reflection 

Reflections  of  sound  waves  from  subsurface  boundaries  arrive 
at  the  geophones  some  measurable  time  after  our  source  pulse.  If 
we  know  the  speed  of  sound  in  the  earth,  we  can  convert  that 
seismic  travel  time  to  depth.  And  by  measuring  the  arrival  time  at 
successive  surface  locations  we  can  produce  a  profile,  or 
cross-section  of  seismic  travel  times.  A  simple  concept. 

In  practice,  the  speed  of  sound  in  earth  materials  varies 
enormous1 y.  Dry,  unconsolidated  sand  might  carry  sound  waves  at 
roughly  air  velocity,  or  about  1100  feet  per  second  (fps).  At  the 
other  extreme,  unfractured  granite  bedrock  has  an  acoustic 
velocity  in  excess  of  18,000  fps.  And  the  more  layers  there  are 
between  the  surface  and  the  layer  of  interest,  the  more 
complicated  the  velocity  picture. 

Various  methods  are  used  to  estimate  subsurface  velocities. 

In  shallow  reflection  work,  the  most  common  means  is  to  use 
refraction  velocities.  Others  include  lowering  a  geophone  down  a 
borehole  and  measuring  direct  travel-times  from  the  surface  to  the 
geophone,  estimating  velocities  from  known  lithologic  parameters, 
and  examining  the  difference  in  reflection  time  at  various 
horizontal  offsets.  Each  of  these  methods  has  its  advantages. 
Generally,  a  combination  of  methods  will  give  the  best  results. 
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Seismic  Refraction 


When  a  sound  wave  crosses  an  interface  between  layers  of  two 
different  velocities,  the  wave  is  refracted.  That  is,  the  angle  of 
the  wave  leaving  the  interface  will  be  altered  from  the  incident 
angle,  depending  on  the  relative  velocities  and  the  incident 
angle.  Going  from  a  low-velocity  layer  to  a  high-velocity  layer,  a 
wave  at  a  particular  incident  angle  will  be  refracted  along  the 
upper  surface  of  the  lower  layer.  As  it  travels,  the  refracted 
wave  spawns  upgoing  waves  in  the  upper  layer,  which  impinge  on  the 
surface  geophones.  The  difference  in  travel  time  of  this  arrival 
between  geophones  depends  on  the  velocity  of  the  lower  layer.  If 
the  surface  is  plane  and  level,  the  refraction  arrivals  form  a 
straight  line  whose  slope  corresponds  directly  to  that  velocity. 

Sound  moves  faster  in  the  lower  layer  than  the  upper,  so  at 
some  point,  the  wave  refracted  along  that  surface  will  overtake 
the  direct  wave .  This  refracted  wave  is  then  the  first  arrival  at 
all  subsequent  geophones,  at  least  until  it  is  in  turn  overtaken 
by  a  wave  refracted  along  a  still  faster  surface.  In  most  cases, 
this  first  arrival  is  the  easiest  to  identify  on  any  particular 
trace.  The  combination  of  easy  identification  and  compari ti vely 
simple,  straight-line  interpretation,  makes  seismic  refraction  one 
of  the  more  popular  shallow  geophysical  techniques. 


Field  Procedures 

At  Minnesota  Geophysical  Associates,  we  use  a  Bison 
Instruments  "GeoPro"  24-channel  seismograph.  Input  is  recorded 
from  24  geophones  (Mark  Products  L-40,  40-Hertz  geophones ) , 
digitized,  and  stored  internally  in  8-bit  format.  The  sound  pulse 
is  generated  by  one  of  three  sources: 

1)  the  Bison  Elastic  Wave  Generator  (a  rubber-band 
accelerated  weight  drop'; 

2)  the  "Buffalo  Gun",  a  device  which  fires  12-gauge  shotgun 
blanKs  in  a  two-inch  diameter,  two-foot  deep  augered  hole; 

3)  a  10  or  12  pound  sledgehammer. 

The  choice  of  seismic  sources  depends  on  various  factors, 
including  depth  of  the  target  horizon,  surface  conditions,  and 
ambient  noise  levels. 
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Typically,  the  24  geophones  are  located  at  equal  intervals 
(usually  from  5  to  20  feet)  along  the  profile  line.  The  source 
location  is  usually  off  end,  but  may  be  at  some  point  within  the 
geophone  spread.  The  arrangement  of  source  and  geophones  depends 
on  the  nature  of  the  survey.  For  seismic  reflection  work,  we 
generally  take  shot  records  at  twelve  different  locations  at 
uniform  intervals,  beginning  at  one  end  ending  at  the  center  of 
the  spread.  This  procedure  may  vary  according  to  the  requirements 
of  the  individual  survey. 

For  refraction  work,  shots  are  taken  at  both  ends  of  the 
spread,  and  often  additionally  at  some  distance  off  either  end.  In 
reflection  surveys ,  refraction  shots  are  sometimes  taken  at  one  or 
two  locations  off  the  opposite  end  of  the  geophone  spread  from  the 
reflection  shots,  to  complement  the  reflection  data. 


Data  Processing 

A  seismic  reflection  section  is,  in  principle,  a  series  of 
seismic  traces  recorded  by  a  geophone  at  the  same  location  as  the 
shot.  Since  the  geophcnes  are  offset  from  the  shot  at  varying 
distances,  each  trace  must  be  time-corrected  for  that  offset.  The 
correction  depends  on  the  layer  velocities.  If  the  correction  is 
accurate,  a  given  reflection  is  moved  up  the  trace  to  the  position 
it  would  have  were  the  source  and  receiver  coincident.  Using  the 
above  field  procedure,  twelve  individual  traces,  of  various 
source-receiver  offsets,  will  have  a  common  midpoint.  These  twelve 
traces,  after  correction,  are  summed  to  produce  one  common  depth 
point,  or  CDP  trace.  The  resulting  summed  traces  are  then 
displayed  as  a  single  seismic  cross-section. 

Each  seismic  trace  generated  by  the  GeoPro  contains  959 
individual  samples.  With  each  shot  generating  24  traces,  a  typical 
seismic  line  may  contain  several  million  individual  samples. 
Clearly,  the  processing  of  such  volumes  of  data  must  be  done  on  a 
computer.  Until  recently,  only  the  oil  industry  had  systems 
capable  of  processing  seismic  reflection  data.  At  MGA ,  we  have  a 
system  developed  by  the  Kansas  Geological  Survey  for 
IBM-compa t i ble  microcomputers.  Augmented  by  several  programs 
developed  by  MGA,  we  now  have  a  seismic  processing  system  tailored 
to  the  unique  problems  encountered  in  high-resolution  seismic 
work.  We  believe  this  system  to  be  unmatched  in  the  industry. 
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Seismic  refraction  data  can  be  interpreted  in  several  ways. 
The  simplest  approaches  assume  a  series  cf  plane,  dipping  layers. 
While  effective  under  many  circumstances,  this  method  is  not 
suited  to  undulating  refractors-  The  Generalized  Reciprocal  Method 
(GRM)  of  refraction  interpretation  goes  beyond  the  plane-layer 
assumption,  producing  a  cross  section  which  allows  for  undulations 
in  the  refracting  surface.  When  possible,  we  combine  GRM  with 
seismic  reflection  to  produce  the  most  comprehensive 
high-resolution  seismic  interpretation  available. 


Summary 

Seismic  exploration  is  a  powerful  geophysical  technique.  In 
the  petroleum  industry  it  has  achieved  unparalleled  success;  very 
few  exploratory  wells  are  drilled  without  first  acquiring  seismic 
data.  With  the  advent  of  microelectronics,  seismic  reflection  is 
now  available  on  a  smaller,  less  expensive  scale.  MGA  has  the 
capability  of  acquiring  detailed,  high-resolution  seismic  images 
of  the  near-surface  geology.  Applications  such  as  environmental 
geology,  groundwater  investigations,  structural  engineering,  and 
mining  all  stand  to  benefit  from  seismic  techniques.  At  MGA,  we 
intend  to  continue  providing  the  most  effective,  state-of-the-art 
seismic  exploration  available. 


B-25  ’ 


APPENDIX  B: 

Field  Observer’s  Notes 


B-26 


SEI5MIC._FJ  ELI'- -NOTES. 


PROJECT:  7^.  fCt_  J LOCATION:  ^;e,,x  /.CLIENT:  ^  Jr  CL 


ILINE:  f 

I  ‘ 

! Sta .  Spacing:  <d 


\'  »*-t 

!  DIRECTION: 


;'J :  s  * /V  ’  1  ^  :  •  c  ’  OPERATOR :  f  Z^/ftf/scr U/ 


f.irco;  Type: 


1 

!  REC 

:  « 

i 

t 

i 

:  SHOT  :  RECEIVER  ; 

«  .......  .  1  ..  ..  i 

» 

i 

i 

Sta  . 

1$ 

i  i 

Offset  !  Elevation  1  Station  II  !  COMMENTS 

iii  |  off  |  shot'  rec  \  :i  1  |  1124  J 

1  _ _ L  J_  _  i  l  _  ..  J.  „  __ 

i 

_____  * 

ps  ! 

» 

i 

:  / 

i 

... - 

/  60 

i  1  1  1  l  1 

*  »  1  1  .  .  _  J  ,  1 

-  1  ~  1  '  1  J  >  ■>(,.  -  7~ /  60  60 

j._ _ j.  _.  a  >  _  _  .  .  _ 

o\ 

—  1 

i 

1  n 

■  cr 

i 

1*1 

l  I  f  1  ♦  1 

•  1  1 

i  —  t  •  i  i  i 

_  .  1  ...  j  '  _  _  |_  1  _  _  _ 

i 

/  ! 
—  » 

j  3 

i  7 

/  69 

lot 

l  l  i  i  \ 

m.  1  1  1  »  l  1 

1  1  1  •  I  t 

~  -  —  -J  --  —  —  —  f  ' "  T  “  v  “  ■  ’  ” .  ~  ” ' 

‘  -  »  •  ,,  •  « 
i  »  ;  'ii 

LFi 

i 

i  ? 

/O') 

:  -  :  ;  {//:•'  i 

v\ 

!  6 

I  '/ 

UP.X 

JOC 

t  '  :  ■  I  1 

•  1  1  *  1  '  f  i 

f  f  *  , 

_  5  _  1  •  1  *  1  1  'l 

i  i  i  !  i  : 

jri 

M 

% 
i  ? 

Jp.L 

l°± 

i  »  *  i  i 

— .  »  »  i  i 

i  -  i  ;  i  i  ‘  i 

t  i  i  i  i  i  —  - 

„  i  —  »  t  >  ,  i  i  i 

•  «  i  i  i  i 

JZ\ 

i 

de.l 

"  !  —  !  ;  !  ’■'  1  !  -vj  .  pTi'  /<?5.  •~r 

- » 

1 

1 

_ • 

1 

1 

1 

i  // 

i 

U 

i  i  i  »  i  '  ”  ' 

1  __  »  i  .  i  i 

»  »  •  i  1  '  i  “  t 

i  i 

n>! 

— -- 1  i 

i  i 

a  1 

v  2 

it  ii»'  “ 

^  i  ^  «  •  »  \  >  •  /;  i 

i  i  t  r  i  • 

l 

1 

l 

i  i  ••  i  i  i 

_ i _ i _ 

O  ! 

in 

a  i 

i  i  •  i  i  i  “■ 

|  :  i  'if  1  •*  1 

•  •  iii 

i 

/  : 

/S’ 

16 

/ft/ 

H  *6 

i  i  i  i  i  i 

1  1  '  '  f ,  i  . .  i 

i^i  «  i  i  i 

-  i  ~  i  »  i  i  i 

•  i  i  i  *  i  »♦  i 

! 

i! 
_ » 

9 

> '/ 

■"O 

i  i  i  i  ,  .  -  “  *  •  •  ~  ~ 

i  ~  •  1  i  .  i  .  . 

i  •  i  i  i  *"  i 

/t 

a  7 

>  >  i  i  i  i  ***  ~  ■” 

—  >  _  i  i  i  . .  *  i 

»  i  t  i  »  '  » 

i 

/<? 

Jl±, 

-  1  »  i  \f  i  ■ 

i  >  i  i  i  '  . 

i 

Jit L 

_  1  —  !  »  «  ft  1  •(  • 

»  ’  t  •  »  i 

7: 

-t.L 

Ijoi 

i  —  i  i  i  .  i  - ,  « 

—  i  i  i  i  f  i  i 

2\ 

t 

! 

— 

ml 

"  :  -  :  b-27  :  ^  : 

i 

i 

i 

T* ! 

i  i  i  i  i  i  ~ 

1  -  *  ■  •  r  -  u 

iii  i 

~  —  , 
i 
i 

fM: 

\Tj 

»  .  " 

"  i 

t 

i 

S  E I  SM1C._FJ.ELD._K0T  E  S 


!  PROJECT:  70<s  ,rtfi  ij  !  LOCATION:  //_  <7  I  CLIENT  :  S^/C 

I  LINE :  ; 

l _ _ _ j~_ _ _  __  _ 

I 

!  Sta .  Spacing:  y^> 


;  DIRECTION  :  c.  -5  X'  1  DATE  :  ■"/ So  / -r;. ^  I  OPERATOR  : 

. _  v  J 


[Source  Type: 


1  1 

*  RT?f*  1  -  _  - 

SHOT 

t 

1 

—  X 

RECEIVER  : 

|  II  I  ^  V-»  1 

:  It  !  Sta .  ; 

:  :  *»  : 

Offset 
in  I  off 

„  j _ 

1 

1 

1 

1 

4-  - 

Elevation 
shot;  rec 

_  .  X 

1 

1 

1 

1 

3  f  aH 

it  1 

•.ion  (1  ! 

:  it  ?a  : 

J  L 

COMMENTS 

[PS 

l 

i  i  S'5*/  i 

1 

_L 

T 

1 

1 

_  J.  _ 

1 

1 

x 

t 

/'!  ? 

1 

1  ,1 
-f  / 

1  O 

<\ 

v" 

/\ 

r 

— 

> 

—  J.  _ 

1 

t 

_  X  - 

1 

' 

1  / 

1  < 

:  »  : 

[1 

:  £?  p>\  1 

1 

l 

1 

1 

X 

1 

t 

1 

; 

l  t 

•  1.  » 

1  • 

j  1 

;_P  ;i>  \)D?  | 

; 

1 

l 

-  X 

t 

1 

-  4 

1 1 

•  • 

1  (*  1 

i  1 

i  ! 

_  1 

i 

t 

« 

1 

x  _ 

1 

1 

1 

‘  < 

1  t 

1  if  1 

1  1 

1  j 

“"“iy 

ns 

— 

0 

veA 

1 

X  .. 

1 

1 

1 

x 

1 

i 

» 

1 

< 

i  / 

1  1 

;  "  : 

I  6^ 

3  /  ;3»  j 

1 

1 

1 

1 

_  J  „ 

1 

1 

1 

1 

i  f 

■|  "1 

♦  *t  1 

•  1 

)  : 

\£ 

S  ^  j/5  /  j 

1 

l 

1 

1 

1 

1 

I 

» 

_  X 

" 

!  it  1 

1  1 

L  _  1 

[7 

5S  ;/  $  =>  ; 

1 

i 

1 

t 

1 

( 

1 

» 

1 

-  -1- 

'  t 

l  » 

\  *,  • 

1  1 

1  1 

j  1 

<  <■  /  1  /y'  <  i 

^  V  1  /X  -i  ' 

1 

_  I 

i 

1 

1 

1 

1  - 
1 

l 

1 

_  X 

1 

1 

l 

1 

t 

1 

_  X 

1 

1 

1 

1 

-  -  - - 

1  1 

»  *e  \ 

1 

X  X 

1  1 

1  9  l 

1  1 

!.  1 

1 

1 

-  -  -  -  X  -  - 

( 

1 

1 

XXi/.XoL 

_  1 

1 

I 

1 

_  X  __ 

I 

1 

1 

1 

1 

_  X 

<r 

•  *-1  1 

:  1 

» 

1 

1 

t  7  i/5<s  : 

"  » 

1 

1 

1 

_  X  __ 

1 

1 

1 

» 

1 

1 

-  X 

/A 

-  )i  <r.4~ 

Ic2 

jH.iXli. 

1 

"  i 

1 

1 

1 

_  X  _ 

1 

1 

1 

1 

1 

1 

1  1 

1  %4  1 

1 

:/ 

3?  i 

1 

» 

1 

1 

1 

l  - 

1 

1 

1 

1 

1 

1 

1 

- 

1  i 

i  1 

l  H  r 

X  X 

|  (9 

<-!0  i/57  1 

1 

1 

x_ 

1 

1 

1 

1 

1 

X 

1  1 

!  "  ! 

J.  L 

|<? 

Li)  \ia&  \ 

__  1 

1 

t 

1 

-  4.  — 

1 

1 

X  _ 

t 

1 

1 

1 

A 

1  1 

1  ,  1 

1  t 

1  i 

w 

V  ?  j/A/  /  ; 

1  ^ 

» 

1 

» 

J.  - 

1 

1 

1 

X  _ 

1 

» 

i  r 

i  t 

1  K<  1 

1  t 

1  1 

! 

//)  \/V?  j 

1 

1 

X  _ 

1 

1 

1 

1 

1 

1 

X  - 

It 

f  1 

!  "  ! 

/  P  -  j  -  ^  A 

3/1  :  tt£  \ 

- XX - _ — ^ - L  „ 

< 

1 

i 

X  _ 

1 

1 

1 

X  - 

1 

I 

1 

X  - 

l  » 

1  t 

1  1 

■  1 

X  _  X 

[7 

h  *  :  /v^  : 

- .j. - c_i_ 

1 

—  1 

1 

1 

!- 

1 

1 

1 

X 

1 

1 

1 

X  - 

/  * 

1  1 

1  1 

«  <  t  1 

X  _ 

_v /;•  /r~  i 

_  t  _ 

I 

X  __ 

:  B-28 

t 

1 

1 

X  - 

t 

:  "  : 

X  —  X 

- h-- 

1 

i 

5/V  :  me  i 

___  1  _ 

"  t 

1 

1 

X  _ 

1 

1 

1 

1 

1 

1 

J  . 

■  / 

1 

•  //  I 

1  1 

1  1 

>  1 

•  1 

A  A  :  A/7  : 

-  \ 

1 

1 

1 

1 

1 

1 

1 

1 

>  / 

1  1 

*  1 

1  1 

i  1 

SEISMLC._FJ.ELD.  NOTES 


!  PROJECT  :  Sc  ^  /: 

1 

....  ! LOCATION: 

/  „  l  !  CLIENT :  CJi  /{>  ! 

•LINE 

1 

!  DIRECTION:  _>  A  [DATE: 

;  OPERATOR  :  ■/*><•■/., 

‘  Sta  . 

Spacing : 

/$  '  ! Source  Type:  . 

1 

■  '  1 

■,  i  1 

SHOT  ;  RECEIVER 


REC  : - 

It  :  Sta. 

:  i» 

i 

Offset 
i  ri  !  of  £ 

i  i 

Elevation  !  Station  il  1  COMMENTS  - 

shot!  re;c  ;  i!  1  |  lt24  !  !  PS 

7/1  :  /(% 

i 

[  »  i  |  !  _ 

:  '  ,*-***>  \<^> 

//  {A/? 

i 

i 

i  :  i  i  ('  i 

’  '  '  "  '  e^,  i  Vi-,  c-rl  rr<>£  '  / 

1  |  J  (  * 

7/9  [/-* 

i 

1 

X 

i  «  •  «  _ 3  i 

\ 

/<?/!  ;  AV 

1 

1 

•  t  •  .  ~  i 

!■/!"!  !? 

_ _ L _  *  I  J  i 

/)  /  !  D 

_ X - _ 

i 

>^/i  i  /*r% 

1 

-  _  «  -  - 

1 

I 

1  1  i  »  i 

:  i  "  :  -  :  :</ 

•  »  "  .  •  1  <v 

/i/-) ;  /‘tv 

ii  i  r  -  - 

:<s 

.L  _  X  .  ...  _  1  l 

1 

a/  >9: 

» 

!  7 

:  !•■!■■!  iS 

/  <r  /)  j  /  ^  7 

i 

/  ?//;/" 

~  »  **" 

1 

-  J — 

■  <  .  1  1  | 

■  *  >  '  1  1 

J^j 

*vj 

sj 

\AJ 

t 

_  1  _ 

:  :  ^  :  " 

I 

1 

• 

/■  //  J i»  J 

L  _  .L  J 

x  /  //j :  ji  ;  ; 

/JAh  J  C7V 

>/  /  c  #,  iJ 

L  —  J.  .-  _  J 

-4  \Ita£  a  cr/y  ;///.  '-r  : 

1 

I 

/'  !$J ///  ix/AF  ;  cT?  ;  '5  ->  ^  :  ! 

/°7/j  '  Joo 

'  X  J 

_  » 

_  X 

1  1  *  1  *“  T  —  , 

:  \}c^  :  :o  : 

,/oa)[  pi  j 

_  i 

i  i 

:  1  i 

^ //?  j  /*5>\ 

i  —  i 

—  i  i 

L  J 

_ i _ L.J1  i  "  I  iaj 

lo% j 

1  l 

— *  i  l 

:  :  "  :  "  :  :  ^  : 

^i/}]  )Otj  | 
^7/?j  /  o*7  i 

»  l 

—  i  -  1 

>  l 

- ■ - 1. 

t  l 

“  i  i 

- X - L 

:  ,  ■  •  ■  ! 

1  "  :  ;  Q  ; 

_ 1 _ 

■?</?■  /^i 

—  t  ! 

L  "  1  [&\ 

cO^/?i  /o'  E  j 

:  i 

_  1  _  l 

..  X  X 

1  :  "  :  "  :  :7 : 

<^7/?  !/<?;?: 

—  —  t 

:  :  "  :  "  :  :<S  : 

3EISiiLC._ElI.ELD_  NOTES 


PROJECT:  Lo*  /v,°  o/  i  LOCATION:  ~e j/^  f, . />  !  CLIENT  :  b>  A  1  Cl 

LINE:  p  |  DIRECTI 0 N  :  /f  ->  *0  \  DATE  :  1 2 /'o //‘I'L  1  0 P V R A T OR:  rfa 

Sta.  Spacing.  '  !  Source  Type:  c'-'.VA'  ' 


!  REC 
!  »» 

SHOT  :  RECEIVER  ! 

.  J.  _  _  1 

Sta  . 

it 

0 t 
in 

'set  I  Elevation  I  Sr.ation  11  !  COMMENTS 

off  !  shot!  reo  !  Ill  !  1124  ; 

PS 

! 

:  pv? 

/*? 

T~  i  i  »  |  , 

—  »  •  i/.*>£  ‘7”  »  /  &  &  c7"  1  /  rc  i.  ,  9^  <*,  /  43  *v->c  z' of  ^ 

»  .  /  '  ^  <  L  1  jr*  _  _ _  J 

i  <7^-4 

//^ 

- 

J  f  1  1  « 

!  ;  "  ;  “  !  p^ttcj  *-,'/b**uo  (?  //rioc, 

L  X  _  L _  ..  l/.  .._  ..  _  _  _  _  J 

i  }<?/? 

/■'  / 

;  !  -  :  v,  ! 

1  1  _  ...  1  X  ..  .  -.  -  -  X 

\  *1  A 

U  3 

I  J  *  1 

!  |/tC  ‘-"j  //c? .  ‘-J;  (O  ‘‘-"'A'  /?7\  sr  > 

.<2 

..1 

i  -  ?  4 

//  1 

!  !  ’  !  ••  S7/../  .'Sp.  ‘j  -/S>7 

x  1  .  X .  .  _/  i 

;  $  !>/? 

: 

//y 

//  <r 

l  l  , .  I  w  * 

.  i  "  i  : 

i  1  <  1 

1  1  ;  :  1  1 1  1 
till 

o? 

5 

i 

//  6 

til' 

«  *  ‘  -  v\  / 

i  i  *  *  "c ,  *-»  '  •  Ci  .  *  • \  <*  . 

?. 

i  t<&/? 

// 

_ 

- 

\  \  .  t  \  x ,  \  / 

1  1  *  *  ,  ,  •  u.f<  ,  /t  f 

S" 

— 

i  3'/ 4 

n  3 

- 

- 

ill!  / 

1  1  1  f  1  t 

1  S  I  1 

:  i  i  i 

(2 

j  1  1/9 

//  °t 

i. 

i  i  //  i  i 

■  3  r74 

/  «-? 

. 

_ 

_ 

•  *  if  'i  ' 

j.  _  .1.  _  ..  i  _  ..  „i. ......  _ 

§ 

;  V<=>/? 

)  D  / 

i  i  i  i 

i  t  » r  i  1  ‘  i 

iiii 

_  _  X  X 

— 

|  lUA 

L 

L  —  „ 

- 

i  i  /  ;  i  /  •  i 

iitt 

i  i  X  1 

_ 

;  yp/? 

/  P“t 
_ 

- 

1  1  •  1 

1  •  //  1  '  •  J 

•  ..  J.  __  . . !  .  .  _  _ 

i  ^ 

/<?'/ 

- 

- 

till 

;  i?'Av  A>  y 

o 

j  .'/£  /? 

HEO. 

'  '  / *»r<?  <^<0  ,*  ) 

i  '/<-  /? 

/  ^ 

1  I  1  1 

1  1  /It  *1 

i  1UA. 

- 

:  ;  "  :  "  ;  srA/  o-C/fVfj 

;  '/?/?• 
i  '/14 

- 

- 

;  ;  .1  ;  '•  ;  -SiV  /w.  4T  j 

- X - x - L - f-'/o-teitPr-pT - +  --  ! 

J  •  i\  «  1 1  1  ii 

!  LnH[  He', 

- 

:  b-3o  :  "  :  "  :  i  : 

:  ^  /il 

- 

- 

!  :»«:•*  i  ^  ^  /w- *=►  i  i 

- 

-■*  ' 

•  ’  ■.  1  *'  1  ^  ^  i  i 

i  t  i  -•  /  •  ■  * )  ,  , 

i/ 

SEISMIC_.FIELD_KOTES. 

!  PROJECT  :  ;• . 

,r/  i  LOCATION:  >/.  < 

,■  i  CLIENT:  £,  /;  t  >  j 

'LINE- 

J  DIRECTION:  /r  _>  ^  !  nATE  :  /.:>  ,/>, 

/ ^ !  OPERATOR:  7 /S#  s,UMeS4>j«,*/s 

|  Sta  .  Spacin'5 

:  .  ...  *  !  Source  Type: 

;  1 

REC 

It 

SHOT  l  RECEIVER  ! 

Sta . !  Of  i 

H  ?.n 

:.set.  |  Elevation  1  Sta  t ion  H  !  CCi'MENTS 

off  shot;  rec  !  Hi  I  HP.  4  I 

PS 

::±'A 

o-  <  /g : 
-  - 1 

^  7/7 

_  _  i 

-  i 

;,vrrv;; 

IhL  j 

1 

1  * 

_  ..  X  _ 

1 

•'  t  X  A 
: 

i 

'6/1  A,” 

_  /  i  i  i,i  1  — 

?  i  .  •  'v  •y  )  %?*).  :  •*■>  c  ; 

ii  ■■  i  , ,  ■  ..  1  ;  J 

i  •  •  1  "  • 

■j  ■'  :  ;  &  ] 

J  x  —  j-  ,  •  '  1 

_ i- — i - i 

i  t  i  i  ;  ! 

i  t  a  a  7  -*■  :  ,  : 

-- 

//:  < 

;  - 

1  1  !  1  J 

!  !  !  /c/%  *r  !  /  &  &  *■•-!  •<*  />  v  < 

P/S 

. 

AA 

f  O  !  »  - 

'  _ L  _ _  . 

i 

/  O'  O  1 

•  ,  ,  ,  ,  i 

»  1  •  1  M  »  •/ 

I  t  .  1  »  *  ^ 

—  i  i  •  i  *  Z.  »  u  * '  '  ■'  ’  *  *  /.  >'  +  ^  A 

:  :  ;  . .  _ _ 

A. 

3 

— 

9 

L 

7/3 

V7 

1 

/  o  ;>  j 

7'  !  " 

i_i  i  ,  i  '  . 

iit.it 

i  ~  —  r '  •  »  i 

i  _  1  l  l  ,,  I  S  1 

1  1  1  1  1  > 

Zx 

j  0~\  - 

L  _  1 

I  t  i  »  1 

1  •  1  ,  1  i ,  1 

t  1  1  1  ■  1 

or 

L _ 

1 

/  0  6  !  ' 

1  1  !  1  1  1 

1  _  1  1  1  / 1  »/  1 
i  i  !  r  » 

L  «.  X  1 _  X  J.  ...  _ 

c 

L _ 

i  6 

to  7  \  - 

i  ■  i  i  i  : 

—  '  »  *  /  r  • 

i  <  i  i  '  »  i 

X _  X  X  1  .  X  _  _  _ 

■  P7 

L _ 

76 

/Cs'-l  \ 

—  .L 

1  1  1  1  1  > 

1  -  !  1  1  r  ,  ll.  1 

t  1  1  1  1  1 

% 

/&& 

l 

\  S-,  *0  1 

l/£?  / : 

;  i  /  i  l  t 

:  __  :  i  »  i '  •  ,  f  i 

i  i  i  i  i  '  * 

X _ 

//£ 

//  <?  :  - 

_  i. 

fill? 

•  _  •  t  •  /  •  x  i  *  1 

i  i  i  i  » 

i 

i 

i.  _ 

/?£> 

6  /  ;  - 
_  _ _ _ 

'  •  •  •  •  '  $  7  /  P  i  A  £=> 

1  J . _x  . . -  -  _ !.  X  _  . . .  _  _ 

L 

/i/6 

'/?  !  - 

X 

■  |  1  /  1  "T,  pj  112,  •*->>  A’A/,  /  P%  (p.b*  66  7/*n 

/<=> 

L  - 

!f/L 

1 

if  v  1 

_ !  _  j _  _ 

'  !  :  !  "  :  -  :  ^ r/./  /7v,?v/?;  s. 

/5£ 

JILL:.. 

_  !  !  !  u  !  o'V  v ^ 

„  I  j  _  i  _  _  .  ■  •*  -  7rf  j-'f  //*>r  l_  l_x  ^th.  *tr+ 

!/ct  :  - 

j. 

_  i  i  i  ,  i  <»  i  r  /  j  \ 

i  i  i  *  •  i 

_  .1.  _  j.  X ..  X  4  .  . .  _  _  _  _ 

hib 

T 

jJAA 

i  t  »  i  i 

i  ;  B-3i!  '  :  l#  : 

_  1  _  X  X  _  _  _ 4  _  J 

1 1  A 
/  7/6 

// 7;  - 

//  T  !  - 

i  t  i  i  i 

—  i  i  t  If  i  h  i 

i  i  *  i  ! 

“  i‘  i  t  *”  !  [  ■*  . — ...  —  -  —  * 

—  1  1  t  '  1 

1  1  t  )  1 

-- 

SSI  SKIC._F.I  ELD...KO.TSS. 


PROJECT :  ”3®**  rtr-.-  ...  ,rv Jclt\  LOCATION  :  O;...,  .  r*j.  ;  CLIENT  : 

LINE:  X  h'.t  ‘‘nf  !  DIRECTION  :  r  -n  ^  !  DAT  E:  X  I  OPERATOR :  7>-y.  y,  / 


Sta.  Spacing: 


Source  Type: 


nnnn  r  1  *  *”*  O 

j.  V  xJ\ 


Sta  .  ! 

«  : 


Offset 
n  !  off 


Klevat j on 


Station  It 


COMMENTS 


i  Oz  : 
/  c  !  / ?  : 


I  <t.  ‘5  ~  j  SI  ■  S> 


i  /s ^  i 

_X _ X _ X. 


'  7  4/  !$C.A  - 1  v  p .  S'  ;  =*^ 

/'Ve  j  i  V  i  .  fr  -  9,  ^ 


}LQliLL^.  i. 

5  O'Mjtl  I 


~~  ~  ~~  T  T  ~i —  - 

~-y'' ' 


:  v  ' 


6  c/  // 


f.C. 


'  : 


a  <v  a 


i  / : 


- X _ X _ _  L  . 


VjjL 


/  /'''  /  ^  i 


'/  T  t  (-)  >  ‘  /  J  j 

- xe.  i\.  x~_  _  7_  _  x _ _  x _ 


/  /)  ; 

/<?<?  ; 

» 

a  > 
/ 

l 

i 

_  X  _ 

■  f&o.  -r!  \ 

; 

J/  b  [ 

a.lL 

» 

t 

» 

» 

'/ 

l 

i 

i 

J.  _ 

•  •  M  1  1  / 

1  *  I  "  ,  /  _ 

1 

•  1 

3b  | 

/&?  ; 

i 

( 

i 

•i 

1 

i 

» 

—  J.  - 

1  1  1  i  l 

1  i  t  1  *  i  \ 

i  ^ 

.'04 .1 

/  ! 
i„yLi _ 

i 

i 

- J 

p 

i 

..  .L  _ 

!  :  ’  !  "  ;  / 

js 

:  b  : 

X 

Ary  j 

i 

i 

i 

If 

i 

i 

i 

-  .1.  - 

i  '  !  "  j 

iv 

£  £  j 

/O'  7; 

i 

i 

l  • 

i 

i 

_  X  _ 

:  :  o  i  '■  i  i' 

1 

:  or 

.04.1 

| 

i 

i 

H 

i 

i 

„  X  _ 

1  '  ..  *  /<  i 

i  :  t  i 

•:G 

: 

10  7\ 

i 

i  f 

1 

1 

1 

_  .1.  _ 

1  f\  in  i 

_r? 

JAl 

IO'l\ 

• 

i 

- X  _ 

i  f 

1 

1 

-  X- 

•  1  X  1  |  w  , 

*  *  •  » 

-  -  J.  „  X  ^  X  i 

"F 

)ob\ 

lfSj\ 

i 

i 

_ L  - 

i/ 

1 

1 

-  X  _ 

I  B-33  ]  ;•  I  *  1 

i 

i 

U\)  \ 

no  \ 

• 

J.  ... 

if 

1 

_  X 

:  ;  -  j  n  ; 

!  ’ 

i 

i 

!  j  )  j 

!  i  ; 

1 

1 

!  ;  I 

i 

SEISMIC_F.IELD_uQ.TES. 

;  'l  LOCATION  :  «-c-  ,  / 


PROJECT: 


*5  /'.  1 


CLIENT: 


.  /p  j-  /"> 


LINE:  lj 


>ta .  Spacing : 


/ 


I  RECTI  ON  ’■/)■,  !  DATE  :  I  OPERATOR  : 

- - - -  •  ~  /  ; 

! Source  Type:  !  < 


REC 

It 

SHOT 

J 

RECEIVER  ! 

i 

Sta  . 

It 

Offset 
in  !  off 

El e vat ion 
shot:  rec 

S  La  t 

111 

.or.  it  i  COMMENTS 

itR  4  ; 

PS 

• 

L 

>L\  6  , 

7  £>' 

_ :  i 

n% 

!  > 

1  V 

”**  i 

!  /f 

l 

i 

1 

_  X  _ 

1 

» 

1  . 

J  ^  „ 

n 

5TV  ico. 5-  Jct/  H 

l 

h  1  SI  //  •’  e-  s  s  ~  /  ,?  J .  -J  p  _ 

o 

.1 

x> 

^ 

l  u 

1 

1 1 

1  ' 

"  j  A/  s  -  /^(P.  -T  <«r5> 

//  ^ 

I)  <7 

!  ‘  i 

1 

!( 

*  ;  s 7  A/  /J5.r~/V 5.C  ^4/^; 

3_ 

!l  6 

:  o 

(  ' 

"  ;  I.T/J  /<7',  7  - 

~  X  -  -  -  / 

y 

/U 

n  7 

i 

1  /' 

1  — 

•  I 

-  J 

/  /  ,  .  1 

1 

5" 

/?/) 

n  ' i 

!  * ( 

1 

1 

1 

''  :  <'//  /P7  -  4  4-.  //^ 

7 

.0°6. 
✓  /  b 

C S  %  1) 

h‘ r; 

L  J 

)  lO 

L  _ 

[)  0/ 

*  /  7>  D 

L  _ 

i 

!  >' 

!  : ' 

- i - 

1  1 1 

1 

:  m 

-  .L 

1 

i 

1 

X  . 

1 

1  • 

»  Cc*rts'r  ‘S  '  ^a  ^ 

_ i  __  V  - _ - 

LZ 

i  ^-7 

*  r  * 

i 

i 

_ l.  .. 

i 

_ _ i _ 

\, 

••  ■  i 

i 

i 

i 

\r/b 

:  i  ■  >  > 

i 

:  " 
x  __ 

i 

i 

i 

X _ 

- 

j.  _  _ _  _ 

_ 

~y-b 

/  D>'/ 

i 

i 

i  M 

L  _ 

i 

i 

i 

X 

A/  A 

/c>  v. 

£ 

XJ> 

La- 

i 

i 

i 

1 

» 

I 

1 

— 

t 

i 

i  _ 

/ 

^  y  1) 

,'P£ 

_ 

i 

*  »/ 
i 

* 

1 

1 

1 

.  1  . 

/ ' 

i* 

*  .  ..  _  _ 

?rib 

/?  7 

L  .  _ 

r 

•  V 

i 

i 

I 

J. 

1  / 

i 

t-  i 

J5 

i./pi. 

■  >  * 

• 

1 

i 

1 

V 

i>  i 

_ 

X 

3ob 

;  m 

i 

t 

»  ‘i 

L  „ 

1 

1 

_  J _  _ 

i' 

i 

h  • 

i 

s 

3/J> 

)%o 

» 

1  * 

i  n 

L  _  _  X _ _ 

1 

1 

1 

_  .L  _  . 

Jx 

i 

>  ; 

_  L 

Co 

_ 

JXL 

• 

:  " 

i 

1 

i 

X 

/  f 

;  •  V  ir ‘  ,:3 u  p 

7 

LiX 

IX?., 

1  " 

:  - 
i 

i 

i 

t 

X 

L  . . 

,  \  ’7,,S  pU'c  , 

x  r.'->  <<  cpi/f 

t  'Uj 

J-'b 

i 

•  // 

L  _  X 

t 

J  B-34, 

_  i  _ _ 

_  1  _  _ 

t‘yt 

/$<! 
l _ 

i  '  * 

i 

i 

„  j.  _ 

•  ! 

/  /  j 

HI 

/?  c 

'  v' 

1  '< 

i 

*■  i 

! 

SEI SMIC—FJ  ELD. NOTES 


PROJECT:;' 


i,r-  J  LOCATION: 


!  CLIENT:  1  (j 


LINE:  q 


I  DIRECTION: 


!  DATE  :  /  v/~  o  /<.' *L  !  OPERATOR  :  1 /"&C U//'tir', 


Sta.  Spacing: 


[ Source  Type : 


Sta  . 

II 


'set 

off 


Elevation 
shot;  rec 


RECEIVER 


Station  H  ! 
Ill  i  If  24  : 


JOMMENT: 


t  '7  b 


117 


)c6  % 


_Vf_7 
'// i 


7i  7 


)  */  o 


J^rb 


/*/  z? 


e-J-  ('-  ,£V,,7 


*c^t> 


)q  i 


^■■^4-  Jf  i - 1 


^  y  /  * 4-  /  *.  y1  > 

i  “  ’”7  ~  *“  7  i 

- . ,  /*-  /•  i  /  f  '  *%j  c*  f  ^  *"*  ^ *  **  (1  &  ^"*c 


7  /7 


jqo 


7“/V7  /• 


o7ko<^’|) 


!  ^  7  7^7,  s-  .  ^  r>  7/ 


^v-i 


/'  ST/ 


/■'  7^^,.  47 .  <•  <. 


/  ‘v  <>’ 


Lp^j 

Sp-^4  | 


K  7 


•:i£ 

:  .9  5 


:  B-35 


SEISMIC_F.IELD_NQTES 


PROJECT  ’"ZeA  r^.,  r.Jy  !  LOCATION :  e'-..e,,  '  Si  !  CLIENT:  TC 

LINE:  </  [DIRECTION:  X S  ;  DATE  :  i  ?>/&  z /T>  1  1  OPERATOR  :  7fAr/yt%rtJ, 

Sta .  Spacing:  < !  Source  Type:  y  /«>  ,<  ! 


1 

1 

-  -1- 

1!  :  in 

1 

1  off  shot!  rec  [  !!  1  !  i\?.A  ! 

i  i  i  >  ‘ 1  i  •  _ . 

J  PS 

l 

— 

r 

1 

1 

_  X  . 

Uo  i 

x 

T  T  i 

•  V  '  ‘ 

•  V  • 

X  .  X  X 

•  A;'  A  '  7  <7  O  L 

X  •  _  >  -  -  )  _ 

i 

1 

1 

X 

9£ 

1 

1 

1 

-  X 

/£/  j 

t  i  i 

*  C  1  »  * 

_X_^  .1  _ _ L 

1  ’  '  1  1 1  1 

X  t  1.  _  _ _ 

4 

1 

I 

X 

1 

1 

1 

-  x . 

Lpj  A 

1  i  i 

!£Wr  j:  'r  >iE 

X  £  —  ;r' 

i  ;  i 

Li  »  i  ! 

*  J  X  1 

4 

1 

1 

x 

1 

1 

1 

_  X  . 

1 

S/j/V  A>j 

I  I 

<////- ^- 

i  *  i 

i  i  i 

->  t?  :  : 

1 

t 

4 

x 

i 

1 

i  1  1 

1  .  _  1  1 

;  _L' 

T  . 

!  1  J  ^  ^ 

-  f>l  '  -V  ;  <•  ■  ;  0  7  .  ^ 

4 

1 

1 

I 

1 

1 

1 

:  s  r 
-  ± 

i  i  i 

i  /  *  ^  -v 

_  X _ X  _  .L 

C  /:  c  ^  !/  o-  ^  -w  ^ 

.  I . L  „  X .  _ 

1 

1 

1 

1 

*;  £ 

1 

4 

_  .L  . 

1 

1 

/  c*  cp  x 

1 

I  i  i 

«  i  i 

•  »’  /  •  i 

-  1-  X  _  X _ 

1  1  ' 

•  *  >  s  .  '  »  o 

i 

1 

I 

SHOT 

Offset 


Elevation 


RECEIVER  ! 

_ _ _ ______  I 

""  i 

Station  <!  ! 


COMMENTS 


/  ^  S 


c.  /.  .  cc  -  /c‘/ 


?£ 

LLiL 

1  1  i  i  i  ,  .  i  y  i 

1  1  4  4  •  (  1  1  ’  1  'z  . 

tV 

lor 

•  1  1  1  4,4  V I 

i  »  r  i  1  '  4  i  Ny 

L  _  X  >  X  A  .  A .  »  V 

S' 

//  * 

)C  c 

1 

— 

— 

— 

/PL 

!o  7 

7 

'X| 

V  >| 

to% 

5> 

L/L 

dPSL 

/ 

;  /. i  m  1  *■■>><  i^c-.stdj. 

_ ; _ _ /&? 

JAL, 

.ILL, 

J1L 

/  / 

J.  J.  -PL  _  i 

. -J _ 1...  .  j  •-'••- !  7-x-  ni  /3' 

JAJL 

1L  x_i 

1  1  >  l  |f  ■  1  '  '  f~t  ft  y*1  11!  r  '  f 

<jL/_ 

Jt  i 


SEISMIC_F.IELD._NO.TES. 


;  PROJECT :  TC  j 

r^.- .  .  'J  :  LOCATION:  _  /"  S/.;  CLIENT: 

^AJT£  ; 

‘LINE: 

;  DIRECTION  :.-V J  -V  /S  \  DATE  :  /  5> Jcro /  '{A,  I  OPERATOR  :  /AA  S=-fi y  y  ! 

l 

!  Sta  .  Spacing 

/  C?  '  ;  Source  Type:  ,• /. -L 

SHOT  :  RECEIVER 


REC 

II 

S  t  ft  . 

It 

O  f  f set 
in  I  off 

i 

Elevation  !  S  in  t. 
shot!  rec  !  Ill 

Lon  It 
ItE  4 

COMMENTS  - 

!  PS 

//£ 

1 

5  '  S’*  '  •  \ 

i  _L 

;/x,  or 

^  ! 

'  '  -  -  _  _  X 

c 

1  /—? 

1  1  ( 

t 

i 

i  i 

i  i 

4r 

1 

^c"-r 

/  0>0 

1 

1 

J  _ 

i 

L  X  _  J 

■  • 

i  ! 

4  X__ 

;  /  a.  i  ‘ 

u 

i 

1 

i 

t  i 

i  '  /  t 

i  i 

J  i  _ 

it 

1  ; 

1  X 

E,  ”7/- 
c'  /6j 

LP^ 

i 

i 

i  i 

_ X  .1.  _ 

’  i 

l 

l _ / _ 

v r 

1 

i 

i  i 

X 

T  i 

V  ! 

?■/£ 

r  /  9  </ 

_  L 

1 

_ _  1  _ 

1 

t 

!  !  it 

i  (/  *r- 

/  <f  !  . 

T 

i 

1 

_ ic? 

act 

,/yp. 

1 

_  1 

L  _ _ 

i  i 

i  »  ./ , 

^  1  1 

.  _  X 

cV/: 

* 

i 

*  i 

i  i 

_  ..  X 

J 

w'C-'  '  - 

.Ikii 

i 

_ L 

i 

i  < 

i  ■ 

X 

ri 

/- 

;  -  ■  -1 

/  c>  / 

i 

_  ■  _ 

i 

_ L 

l 

i 

L 

1  1 

1  1 

.  _  .t.  X 

1  1 

1  1 

.  _  _  X  -  J. 

'i 

_i  _ 

-  X 

;  c — 

i 

i 

1 

1  1 

1  1 

CT  6// 

/  — 

,, 

/  5  / 

i 

i 

t  i 

1  1 

1  1 

’  t~> 

1  / 

>  /  «  * 

i 

i 

1  1 

1  1 

1  i 

1  1 

T 

1 

y  y  /.- 

70! 

/ 

/  •/  - 
/ 

i 

i 

I 

i 

i 

i 

;  i 

i  i 

i  i  — 

i 

i 

t 

I 

i 

I 

l 

r 

■  i /  1 

/  • 

i 

i 

i 

i 

i 

. . J  . . 

i  Eo: 

i 

r 

i 

i 

i 

i 

A  A  /- 


V 

'  / 


APPENDIX  C: 
Data  Diskettes 


B-  38 


C-2  .  . 


Enclosed  with  the  first  copy  of  this  report  are  a  number  of 
double-sided,  high-density  floppy  diskettes.  These  contain  the  raw 
field  data  downloaded  directly  from  the  Bison  GeoPro  8024,  as  well 
as  the  final  processed  data  files  and  processing  batch  files. 

These  diskettes  are  valuable!  They  represent  the  output  of  a 
great  deal  of  effort  both  acquiring  and  processing  the  data. 

Should  this  report  or  any  of  the  displays  be  lost,  they  can  be 
reproduced  easily  from  the  enclosed  diskettes.  Without  the 
diskettes,  the  only  alternative  is  to  repeat  the  entire  process. 

MCA  maintains  a  file  of  all  field  data,  and  can  most  likely 
reproduce  these  data  even  in  the  absence  of  the  enclosed 
diskettes.  However,  we  cannot  assume  responsibility  for  the  safety 
of  these  data.  It  is  in  the  client’s  interest  to  treat  the 
enclosed  diskettes  carefully. 
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SAIC 

14062  Denver  West  Parkway 
Golden,  CO  80401 

Dear  Brian: 

I  had  a  chance  to  look  over  the  information  you  sent  for  the 
Sioux  Falls  site.  After  reviewing  the  field  data  files,  it  is 
clear  that  the  reflection  at  the  top  of  the  till  layer  cannot  be 
resolved  from  the  wave  refracted  along  the  water  table.  Enclosed 
is  a  copy  of  a  field  record  from  line  2,  which  highlights  the 
resolution  problem.  The  record  is  from  the  northeast  end  of  the 
line,  which  is  not  near  the  wells  in  question,  but  is  cleaner  due 
to  a  more  homogeneous  near-surface. 

The  water  table  refraction  intercept  time  is  about  19 
milliseconds.  There  appears  to  be  a  reflection,  perhaps  the  till 
layer,  approaching  the  refraction  asymptotically  from  a 
zero-offset  time  of  about  28  milliseconds.  As  you  can  see,  the 
near  offsets  are  obscured  by  ground  roll  (muted  out  during 
processing).  Beyond  the  ground  roll,  the  reflection  is  already 
within  about  3  or  4  milliseconds  of  the  refraction.  Since  the 
refraction  asymptote  controls  the  moveout  of  the  reflection  at 
greater  offsets,  the  reflection  cannot  be  corrected  to  an  accurate 
zero-offset  time  unless  it  is  separated  from  the  refraction  by  at 
least  10  milliseconds  or  so  at  these  offsets. 

Ground  roll  is,  at  present,  impossible  to  eliminate  from 
shallow  reflection  data.  The  filtering  achieved  by  geophone  groups 
used  in  the  oil  industry  doesn’t  work  in  the  near-surface  regime 
due  to  the  non-vertical  incidence  of  waves  reflected  from  shallow 
interfaces.  Until  this  and  a  few  other  problems  can  be  dealt  with, 
shallow  seismic  reflection  seems  to  be  limited  in  resolution  to  a 
minimum  of  20  feet  or  so  between  interfaces,  and  more  when  close 
to  a  boundary  between  highly-contrasting  velocities  (e.g. 
unsaturated  to  saturated  )  . 

Seismic  refraction  can  sometimes  bridge  the  gap  in  the  near 
surface.  Unfortunately,  the  till  doesn’t  seem  to  have  a 
significantly  higher  velocity  than  the  saturated  sand  above  it, 
given  the  lack  of  a  faster  refraction  on  the  field  records. 

Please  let  me  know  if  I  can  answer  any  further  questions.  I 
hope  this  situation  hasn’t  caused  you  undue  inconvenience. 


_ Philip  A.  Davis _ 

8616  Xy Ion  Ave.  No  SuileG  •  Brooklyn  Park,  MN  55445  •  (612)493-3595  Fax  493-3597 
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Tracer  Research  Corporation 


INTRODUCTION 

Tracer  Research  Corporation  (TRC)  provided  on-sire  analytical 

services  in  support  of  SAIC's  Prime  Contract  with  Martin  Marietta 

at  the  Joe  Ross  Field,  Sioux  Falls,  South  Dakota.  Services  were 

performed  on  April  11  through  May  2,  1989  under  contract  to  SAIC. 

On-site  GC  services  were  provided  for  the  analyses  of  soil  gas  and 

various  environmental  samples  including  soil  and  groundwater. 

Samples  were  collected  from  the  Underground  Fuel  Storage  Area,  Base 

Fire  Training  Area,  and  various  other  areas. 

A  total  of  107  soil  samples,  8  groundwater  samples  and  5  soil 

gas  samples  were  collected  by  SAIC  and  analyzed  in  the  field  by 

TRC.  Samples  were  analyzed  for  the  following  compounds: 

1 , 1 , 1-trichloroethane  ( TCA ) 

carbon  tetrachloride  ( CCL4 ) 

trichloroethene  (TCE) 

tetrachloroethene  (PCE) 

benzene 

toluene 

xylenes 

total  hydrocarbons 

The  compounds  in  this  suite  were  chosen  because  of  their  suspected 
presence  in  the  subsurface  based  on  SAIC's  findings.  Xylenes  are 
reported  as  the  total  of  three  isomers  and  total  hydrocarbons  are 
approximately  C4-C9  aliphatic,  alicyclic  and  aromatic  hydrocarbons. 
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ANALYTICAL  PROCEDURES 

To  perforin  on-site  analytical  work,  Tracer  Research 
Corporation  (TRC)  set-up  a  remote  laboratory  at  Joe  Ross  Field, 
Sioux  Falls,  South  Dakota.  The  lab  was  equipped  with  a  Varian  3300 
gas  chromatograph  and  two  Spectra  Physics  SP4270  computing 
integrators.  Analytical  equipment  was  set-up  to  perform 
groundwater  and  soil  headspace  analysis  on  samples  collected  in 
conjunction  with  a  drill-rig  operation.-  Direct  injection 
techniques  were  also  used  for  groundwater  analyses.  Electrical 
power  from  the  facility  was  provided  (110  volts  AC)  to  operate  all 
of  the  gas  chromatographic  instruments  and  field  equipment. 

A  Varian  3300  gas  chromatograph,  equipped  with  a  flame 
ionization  detector  (FID)  and  an  electron  capture  detector  (ECD) , 
was  used  for  the  compound  analyses.  The  ECD  was  used  for  the 
analyses  of  TCA,  CCL4 ,  TCE  and  PCE  while  the  FID  was  used  to 
analyze  for  benzene,  toluene,  xylenes  and  total  hydrocarbons. 
Separation  of  these  compounds  was  achieved  by  running  the  samples 
on  1/8  inch  OD  packed  columns  with  OV-101  as  the  stationary  phase. 
Nitrogen  was  used  as  the  carrier  gas . 

Halocarbon  and  hydrocarbon  compounds  detected  in  samples  are 
identified  by  chromatographic  retention  time.  Quantif ication  of 
compounds  is  achieved  by  comparison  of  the  detector  response  of  the 
sample  with  the  response  measured  for  calibration  standards 
(external  standardization).  Instrument  calibration  checks  are  run 
periodically  throughout  the  day  as  are  syringe  blanks  to  check  for 
contamination  in  the  headspace  sampling  equipment. 

Soil  samples  were  collected  by  split-spoon  or  a  similar  method 
and  immediately  prepared  for  analysis  by  TRC  in  the  remote 
laboratory.  Approximately  10  grams  of  soil  and  10  mL  of  water  was 
placed  in  a  40  mL  teflon  sealed  VOA  bottle  leaving  approximately 
20  mL  of  headspace.  Each  VOA  was  then  shaken  vigorously  for  30 
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seconds  before  the  headspace  was  analyzed.  This  allows  for  the 
desorption  of  volatile  compounds  from  the  soil  into  the  water  and 
then  the  partitioning  of  these  compounds  into  the  headspace  of  the 
vial.  Headspace  vapor  is  subsampled  (duplicate  injections)  in 
volumes  ranging  from  1  uL  to  2  mL. 

The  GC  was  calibrated  for  headspace  analysis  by  decanting  10 
to  20  raL  off  of  the  known  aqueous  standard  so  as  to  leave 
approximately  the  same  amount  of  headspace  that  was  in  the  soil 
headspace  samples.  The  bottle  was  then  resealed  and  shaken 
vigorously  for  30  seconds.  An  analysis  of  the  headspace  in  the 
vial  determines  the  Response  Factor  (RF)  which  is  then  used  to 
accurately  estimate  soil  concentrations.  The  headspace  analysis 
technique  allows  for  larger  injection  volumes. 

Detection  limits  are  a  function  of  the  injection  volume  as 
well  as  the  detector  sensitivity  for  individual  compounds.  Thus, 
the  detection  limit  varies  with  the  sample  size.  Generally,  the 
larger  the  injection  size  the  greater  the  sensitivity.  However, 
peaks  for  compounds  of  interest  must  be  kept  within  the  linear 
range  of  the  detector.  If  any  compound  has  a  high  concentration, 
it  is  necessary  to  use  small  injections,  and  in  some  cases  to 
dilute  the  sample  to  keep  it  within  linear  range.  This  may  cause 
decreased  detection  limits  for  other  compounds  in  the  analyses. 
The  detection  limits  range  down  to  0.003  ug/kg  for  halocarbon 
compounds  and  1  ug/kg  for  hydrocarbon  compounds  depending  on  the 
conditions  of  the  measurement,  in  particular,  the  sample  size.  If 
any  component  being  analyzed  is  not  detected,  the  detection  limit 
for  that  compound  in  that  analysis  is  given  as  a  "less  than"  value 
(e.g.  <0.003  ug/kg).  This  number  is  calculated  from  the  current 
response  factor,  the  sample  size,  and  the  estimated  minimum  peak 
size  (area)  that  would  have  been  visible  under  the  conditions  of 
the  measurement. 
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Tracer  Research  Corporation 


QUALITY  ASSURANCE/QUALITY  CONTROL  PROCEDURES 

Tracer  Research  Corporation's  normal  quality  assurance 

procedures  were  followed  in  order  to  prevent  any  cross¬ 
contamination  of  soil  samples. 

.  Glass  syringes  are  used  for  only  one  sample  per  day 
and  are  washed  and  baked  out  at  night. 

.  Septa  through  which  soil  gas  samples  are  injected  into  the 
chromatograph  are  replaced  on  a  daily  basis  to  prevent 
possible  gas  leaks  from  the  chromatographic  column. 

.  Analytical  instruments  are  calibrated  each  day  by  the  use 
of  chemical  standards  prepared  in  water  by  serial  dilution 
from  commercially  available  pure  chemicals.  Calibration 
checks  are  also  run  after  approximately  every  five  soil 
sampling  locations. 

.  2  cc  subsampling  syringes  are  checked  for  contamination 

prior  to  sampling  each  day  by  injecting  nitrogen  carrier 
gas  into  the  gas  chromatograph. 

.  All  sampling  and  2  cc  subsampling  syringes  are  decontami¬ 
nated  each  day  and  no  such  equipment  is  reused  before  being 
decontaminated.  Microliter  size  subsampling  syringes  are 
reused  only  after  a  nitrogen  carrier  gas  blank  is  run  to 
insure  it  is  not  contaminated  by  the  previous  sample. 
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ONSITE  GAS  CHROMATOGRAPH  DATA  SUMMARY 
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TABLE  C-1.  SUMMARY  OF  TOTAL  VOLATILE  HYDROCARBONS  FROM  SOIL  HEADSPACE  ANALYSIS 
AT  SOUTH  DAKOTA  AIR  NATIONAL  GUARD,  JOE  FOSS  FIELD,  SIOUX  FALLS,  SOUTH  DAKOTA 


SAMPLE 

DATE 

TOTAL 

VOLATILE 

HYDROCARBON* 

SAMPLE 

DATE 

TOTAL 

VOLATILE 

HYDROCARBON* 

81  -1-5 

04/11/89 

70 

B3-2-0 

04/14/89 

ND 

B1-1-10 

04/11/89 

17000 

B3-2-2.5 

04/14/89 

ND 

B1-1-15 

04/11/89 

56000 

B3-2-5 

04/14/89 

ND 

B1-1-20 

04/11/89 

18000 

B3-2-7.5 

04/14/89 

ND 

B1-1-20R2 

04/11/89 

52000 

B3-2-10 

04/14/89 

ND 

B1-1-25 

04/11/89 

36000 

B3-3-0 

04/14/89 

100000 

DRILL  H20 

04/11/89 

ND 

B3-3-2.5 

04/14/89 

86000 

B1-1-30 

04/12/89 

30000 

B3-3-5 

04/14/89 

5200 

B1-1-35 

04/12/89 

570 

B3-3-7.5 

04/14/89 

9400 

B1-1-40 

04/12/89 

170 

B3-3-10 

04/15/89 

38000 

B1-1-45 

04/12/89 

360 

B3-3-12.5 

04/14/89 

ND 

B1-1-50 

04/12/89 

220 

83-3-15 

04/14/89 

ND 

B1-2-5 

04/13/89 

nD 

S3  3-17.5 

04/14/89 

ND 

B1-2-10 

04/13/89 

ND 

B3-4-0 

04/15/89 

ND 

B1-2-15 

04/13/89 

200000 

B3-4-5 

04/15/89 

ND 

B1-2-20 

04/13/89 

110 

B3-4-7.5 

04/15/89 

ND 

B1-2-25 

04/13/89 

120000 

B3-4-10 

04/15/89 

ND 

B1-2-30 

04/13/89 

8800 

B3-5-0 

04/15/89 

ND 

B1-2-35 

04/13/89 

830 

B3-5-2.5 

04/15/89 

ND 

B1-2-40 

04/13/89 

ND 

B3-5-5 

04/15/89 

6 

MW1-5-5 

04/16/89 

ND 

MW3-5-5 

04/15/89 

ND 

MW1-5-10 

04/16/89 

ND 

MW3-5-10 

04/15/89 

ND 

MW1-5-15 

04/16/89 

190 

MW3-5-15 

04/15/89 

ND 

MW1-5-20 

04/16/89 

79 

MU3-5-25 

04/15/89 

ND 

MW1-5-25 

04/16/89 

84 

BK-2-5 

04/29/89 

ND 

MW1-5-30 

04/16/89 

36 

BK-2-10 

04/29/89 

ND 

MU1-6-5 

04/16/89 

ND 

6K-2-15 

04/29/89 

ND 

MW1-6-10 

04/16/89 

ND 

BK-2-20 

04/29/89 

ND 

MW1-6-15 

04/16/89 

0.8 

BK-2-25 

04/29/89 

ND 

MW1-6-20 

04/16/89 

140 

BK-3-0.5 

04/29/89 

ND 

MW1-6-25 

04/16/89 

ND 

BK-3-5 

04/29/89 

ND 

MW1-6-30 

04/16/89 

NO 

BK-3-20 

04/29/89 

ND 

MW1-7-5 

04/17/89 

ND 

GP1-100 

04/18/89 

ND 

MW1-7-10 

04/17/89 

ND 

GP1-101 

04/18/89 

ND 

MW1-7-15 

04/17/89 

ND 

GP1-102 

04/18/89 

190 

MW1-7-20 

04/17/89 

ND 

GP1-103 

04/18/89 

3100 

MU1-8-5 

04/17/89 

NO 

GPU  104 

04/18/89 

1900 

MW1-8-10 

04/17/89 

2500 

GP1-105 

04/18/89 

110 

MW1-8-15 

04/17/89 

38000 

GP1-106 

04/24/89 

31 

MW1-8-20 

04/17/89 

18000 

GP1-107 

04/24/89 

ND 

MU1-8-25 

04/17/89 

660 

GP1-108 

04/24/89 

200000 

MU1-8-30 

04/17/89 

ND 

GP1-109 

04/18/89 

43 

MU1-9-5 

04/25/89 

ND 

GP1-110 

04/18/89 

ND 

MU1-9-10 

04/25/89 

ND 

GP1-111 

04/18/89 

ND 

MW1-9-15 

04/25/89 

ND 

GP 1-112 

04/18/89 

ND 

MW1-9-20 

04/25/89 

ND 

GP1-113 

04/18/89 

ND 

MW1-9-25 

04/25/89 

ND 

GP1-114 

04/18/89 

ND 

MU1-10-5 

04/26/89 

ND 

GP1-115 

04/19/89 

32 

MW1-10-10 

04/26/89 

ND 

GP1-116 

04/19/89 

ND 

MW1-10-15 

04/26/89 

ND 

GP1-117 

04/19/89 

6 

MU1-10-20 

04/26/89 

ND 

GP1-118 

04/19/89 

ND 

MW1- 10-25 

04/26/89 

ND 

GP1-119 

04/19/89 

ND 

MU1-11-5 

04/26/89 

ND 

GP1-120 

04/24/89 

ND 

MW1-11-10 

04/26/89 

ND 

GP 1-121 

04/24/89 

ND 

MW1-11-15 

04/26/89 

ND 

GP1-122 

04/24/89 

230 

MWl-11-20 

04/26/89 

ND 

GP1-123 

04/24/89 

ND 

MU1-11-25 

04/26/89 

ND 

GP1-124 

04/24/89 

76 

MU1-12-5 

04/27/89 

ND 

GP 1-1 25 

04/25/89 

ND 

MW1-12-10 

04/27/89 

ND 

GP 1  - 1 26 

04/25/89 

ND 

MW1-12-15 

04/27/89 

240000 

GP 1-1 27 

04/25/89 

10000 

MW1-12-20 

04/27/89 

2400 

GP1-128 

04/25/89 

230 

MW1-12-25 

04/27/89 

640 

GP1-129 

04/25/89 

7400 

MW1- 12-30 

04/27/89 

ND 

GP1-130 

04/25/89 

530 

MU1-13-5 

04/27/89 

ND 

GP1-131 

04/25/89 

ND 

MW1-13-10 

04/27/89 

ND 

GP1-132 

04/25/89 

ND 

MM1-13-15 

04/27/89 

ND 

GP1-133 

04/25/89 

ND 

MW1-13-20 

04/27/89 

ND 

GP 1-1 34 

04/25/89 

ND 

MH1-13-25 

04/27/89 

ND 

SG3-1-4 

04/13/89 

ND 

MU1-14-5 

04/28/89 

ND 

SG3-2-4 

04/13/89 

ND 

MW1-14-10 

04/28/89 

ND 

SG3-3-3 

04/13/89 

ND 

MW1-14-15 

04/28/89 

ND 

SG3-4-4 

04/13/89 

ND 

MW1 -14-20 

04/28/89 

ND 

SG3-5-2 

04/13/89 

ND 

MW1-14-25 

04/28/89 

ND 

SG3-6-4 

04/14/89 

2 

B3-1-5 

04/14/89 

11000 

SG3-7-4 

04/14/89 

ND 

B3-1-7.5 

04/14/89 

9200 

SG3-8-4 

04/14/89 

ND 

B3-1-10 

04/14/89 

ND 

SG3-9-4 

04/14/89 

ND 

B3-1-15 

04/14/89 

NO 

SG3-10-4 

04/14/89 

ND 

NO  -  Indicates  no  analytes  wei e  detected.  *  -  Units  are  PPB. 
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APPENDIX  D: 


GEOTECHNICAL  ANALYSES  RESULTS 


Chen-Northern ,  Inc. 


96  South  Zuni 

Billings 

Great  Falls 

Denver,  Colorado  80223 

Boise 

Helena 

303/744-7105 

Casper 

Phoenix 

FAX:  303/744-0210 

Colorado  Springs 
Denver 

Pocatello 
Rock  Springs 

Elko 

Salt  Lake  City 

Evanston 

San  Antonio 

Gillette 

Tn  Cities 

Glenwood  Springs 

Yakima 

June  29,  1989 

Subject:  Laboratory  Testing,  Joe  Foss  field. 

Subcontract  No.  16-890009-82,  SMC 
Subproject  No.  1-827-33-769-05 

Job  No.  1  555  89 


Ms.  Connie  Samson 
SMC 

8400  Westpark  Drive 
McLean,  Virginia  22102 

Dear  Ms.  Samson: 


As  requested,  we  have  performed  laboratory  testing  on  soil  samples 
received  April  20,  and  May  9,  1989  at  our  Denver  laboratory.  Testing 
consisted  of  moisture-densities,  hydrometer  analyses,  Atterberg  limits 
testing,  cation  exchange  capacity,  and  organic  matter  content.  Testing  was 
performed  in  general  accordance  with  ASTM  and  EPA  test  procedures  as  specified 
in  the  contract  scope  of  work. 

Test  results  are  shown  on  Figs.  1  through  4  and  on  the  attached  Summary 
of  Laboratory  Test  Results,  Table  I.  Copies  of  laboratory  work  sheets  are 
enclosed. 


If  you  have  any  questions  or  if  we  can  be  of  further  service,  please 

call. 


NFL/mq 

Rev.  By:  AJG 
Enclosures 


Sincerely, 

CHEN-NOR3HERN ,  INC. 

By  /!  Jn/n^a^  LiL. — 


kl 


Norman  F.  Lewis 
Laboratory  Manager 


A  member  of  the  HDD  group  of  companies 
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Jfc  coiwccnoN  mcuou  iui7  mcnocu*  .  uc  ocnocuuNT 

—  DATE  IN: _  SUPERVISOR: 

L*<  (5-esj  LOCATION: _ 


■drometer  gradawt0j°Laetnalysis 


JOB  MO.  LL22A  '  y7  .  PART  NO _ PREP.  BY_ 

JOB  NAME  ‘'3/P/C, — A LC/ 'cf _  CALC.  BY  ^  \.f  r.KFn  R 


LAB  NO 


HOLE MJQ-Q _  DEPTH  /-2-/V  ■_  SAMPLE  NO _ _ 

VISUAL  DPSCRIptidm-  J2?  KCLt  CJL fa  tU/ .-W d b/r/Jn  /njr/  //?/  «-£ _ 


SAMPLE  PREPERATION 


RUN  BY 


SIEVE  SIZE 


OF  PAN  AND  SAAFLE 


WT.  OF  PAN 


DRY  WT.  RETAINED 


DRY  WT.  PASSING 


%  OF  TOTAL  PASSING 


SIEVE  WEIGHT  WEIGHT 
NO.  RETAINED  PASSING 


SIEVING  TIME 


1  1/2”  3/4* 


3/8”  NO. 4 


HHHHIZi! 

wmsmtim 


SAMPLE  WEIGHTS 

WET 

DRY 

TOTAL 

SAMPI  F 

•itii.ii 

RETAINED 

ON  NO.  4  * 

KLl 

PASSING 

NO.  4 

/92'3 

SIEVE  AND  HYDROMETER  ANALYSIS 


FACTOR  =  Z 
W 


SIEVING  TIME 


MOISTURE  DETERMINATION 


8  (V$ 


6 


SO 


100 


200 


PAN 


TOTAL 


uiauv-m 


MATERIAL  MATERIAL 


3M-3 


H7-Z 


HZ-H 


DISH  NO. 


WT.  WET  90*.  AhO  DISH 


4  .£/  I  WT.  DRY  SOIL  AM)  DBH 


•WT.  DISH 


WT|.  OF  DRY  SOIL 


X  MOISTURE 


HYDROMETER  ANALYSIS 


UtfTfr 


272,  £ 


CYLINDER  NO. 
DISH  NO _ 


CT.ME  TEST  T,ME 


SPECIFIC  GRAVITY _ 

DATE  2SL  AMOUNT, 


DISPERSING  AGENT 

ml  DATE  CALia 


1.0  min 

2-t-O 

4.0  min 

21.0 

1  9  min 

21  • o 

60  min 

Z\ -o 

7h  IS  min 

Z2.'0 

25h  46  min 

<21-  o 

«i 

o 

z 

o 

< 

a 

Ui 

z 

c 

u> 

o 

v> 

UJ 

►- 

a. 

o 

mJ 

UI 

< 

CE 

C 

O 

o 

o 

U. 

X 

o 

c 

* 

o 

P- 

o 

< 

u. 

0.050 

mm 

0.037 

mm 

0.0  19 

mm 

0.009 

mm 

O.OOS 

mm 

0.002 

mm 

0.001 

mm 

STORAGE  LOCATION 


£  cowotcnoN  mcuks  timp.  mcmoon,  amo  ocnocuLcwr 

—  DATE  IN: _  SUPERVISOR: 

L-4  (5-e5)  LOCATION: _ 


D-17 


ics  f  Lmuiviti  c.rv 

gradatjon  analysis 

•  | 

WORKSHEET 

LAB  NO 

HOLE  B.  /•  f:  DEPTH 
VISUAL  description: 


RUN  BY 


SIEVE  SIZE 


OF  PAN  AMD  SAfcflE 


WT.  OF  PAN 


DRY  WT.  RETAINED 


DRY  WT.  PASSING 


*  OF  TOTAL  PASSING 


sample  no. 


SAMPLE  PREPERATION 


1  1/2“ 


_ SIEVING  Time _ 


SAMPLE  WEIGHTS 


WET  DRY 

TOTAL 

SAMPLE  _  _ 


RETAINED 
ON  NO.  4_ 


SIEVE  ANO  HYDROMETER  ANALYSIS 


SIEVE  WEIGHT  WEIGHT 
NO.  RETAINED  PASSING 


8  (rtf) 


16 


FACTOR  =  r 
w 


PASSING 
NO.  4 


sieving  time _ 


—  =  o$ 


A  WT.  DRY  SOIL  AND  D6H 


DISH  NO. 


%  A  WT.WETS0LAM5D6H 


1  7 


7  .WT.  OISH 


WT|.  OF  ORY  SOIL 


X  MOISTURE 


HYDROMETER  ANALYSIS 


MOISTURE  DETERMINATION 


♦4  -4 

material  material 


■;>M:I.MTt7iTTMl 


zrocc 


3/1-a 


Z0S.9 


AMOUNT . 


DISPERSING  AGENT 
/  ml  DATE  CALia 


•  1 

o 

z 

o 

< 

o 

id 

z 

c 

u> 

Q 

CO 

UJ 

•«■< 

>- 

Q. 

o 

-J 

UJ 

< 

cc 

CC 

o 

o 

►- 

o 

a. 

X 

o 

c 

o 

t— 

o 

< 

U. 

O 

o 

37 

mm 

0.0 

19 

mm 

O 

O 

09 

mm 

05 

mm 

EE 

02 

mm 

o 

o 

01 

mm 

GRAVEL  _ X  SAND _ 


$  COMVCTMN  WCLUDCS  Tfnf,  MCMSOJB.  1M  BCVlOCULEtfT 

DATE  IN: _  SUPEF 

L-4  (5-85)  LOCATION: _ 

D-  18 


STORAGE  LOCATION 


SUPERVISOR: 


ROMETER 


GRfceMJnON  -ANAL 


!3EE5Egg5iaa 


___  PART  no.  _ 

/t/d  J/M fass  F/f  'A 


HOLE  g^-/ _  DEPTH 

VISUAL  DESCRIPTION: 


BUN  BY _ 


SIEVE  SIZE 


OF  PAN  AfO  SAAFtE 


WT.  OF  PAN 


DRY  WT.  RETAINED 


DRY  WT.  PASSING 


*  OF  TOTAL  PASSING 


SAMPLE  NO. 


SAMPLE  PREPERATION 


SlEvtNG  TIME 


sample  weights 


total 

sample 


RETAINED 
ON  NO.  4. 


PASSING 
NO.  4 


SIEVE  AND  HYDROMETER  ANALYSIS 


SIEVING  TIME 


SIEVE  WEIGHT  WEIGHT  *  OF 
NO.  RETAINED  PASSING  PASSING 


8  d-qfl 


6 


30  (4 


SO 


100 


200 


PAN 


TOTAL 


f  a  r. t n r  -  - 

-  Z) 

W 

MOISTURE  DETERMINATION 


WT.  DRY  sot  AND  DtSH 


•WT.  OISH 


WT|.  OF  DRY  SOIL 


X  MOISTURE 


HYDROMETER  ANALYSIS 


CYLINDER  NO.  - L - SPECIFIC  GRAVITY _ _  I 

DISH  NO - n A T F  T”  AMOUNT 


CLOCKI-  _T  T  -  TEMP.  HYC.  HYO.«T  CORR 

TEST  TIME  c.  RE  AC  CORR  READ 


7.  SO)  START  MIX 


DISPERSING  AGENT 
ml  DATF 


DATE  CALia. 


7.^2.  10  m,n 


7.  S' 


4.0  min 


19  «>ln  1 21,0  3I>0 


60  min  \SIlO 


7h  IS  min  bjj,  q 


25h  45  mm  «£/,  £7  L &/.  Q 


GRAVEL  _ 1_%  S 


$  cowcnew  mcuccs  ttur,  mcnocu*  ,  uc  ocfioculemt 

—  DATE  IN: _  SUPERVISOR: 

L-4  (5-853  LOCATION: _ 


_ / 

0.050  mm 

mm 

3.037  mm 

3.0  19  mm 

wsm. 

P . 009  mm 

mm. 

jr.OOS  mm 

m&ti 

3.001  mm 

STORAGE  LOCATION 


D-19 


mDHUMtl  Ert 

✓ 

JOB  NO.  L2£L ?? 
JOB  NAME ' 

not  P  33-1  _  DEPTH 

VISUAL  DESCRIPTION: 

Run  RY  _ 

SIEVE  SIZE 
OF  PAN  AND  SAM\£ 

WT.  OF  PAN _ 

DRY  WT.  RETAINED 
DRY  WT.  PASSING 
X  OF  TOTAL  PASSING 


GRADATJON  ANALYSIS 

_ WORKSHEET _ 

PART  NO _ PI 


_ LAB  NO 

PREP.  BY^£ _ DATS 

CALC.  BY CVD  CKFn  RYl/n' 


12.-1“ 
33  •/'  t 


SAMPLE  NO. 


SAMPLE  PREPERATION 


3/8"  NO. 4 


SIEVING  TIME 


SAMPLE  WEIGHTS 


WET  0 


TOTAL 

SAMPLE 


RETAINED 
ON  NO.  4_ 


PASSING 
NO.  4 


DRY 


RUN  BY 

SIEVE 

NO. 

WL 

WEIGHT 
RET  AINE0 

8  c*o 

17-  (o 

16 

30  (4^) 

3M 

50 

100 

200 

ia>H 

PAN 

total 

SIEVE  AND  HYDROMETER  ANALYSIS 


SIEVING  TIME. 


X  OF 
TOTAL 


FACTOR  r  z 

w 


MOISTURE  DETERMINATION 

*4  hYGRO. 

M ATERIA L  MATERIAL  ~M QISTURE 


HYDRO. 

Sample 


=IUN  RY  _ 

CYLINDER  NO _ 

DISH  NO - 

CtimeK|test 
JZiS.  start  mix 
~7.  SU  STOP  MIX 

- - £L5>min 


LY _ 7  DISH  NO. _ 

<£ _  WT.  WET  SOL  AND  DISK 

WT.  DRY  SOIL  AND  DISH 

tc  "1  '  -WT.  DISH _ 

-  _  WTj.  OF  DRY  SOIL 

-  X  MOISTURE 

HYDROMETER  ANALYS  3 


£76-2  £T>-m 

\  37  _ 

u/z _ 

0.1^^  _ 


SPECIFIC  GRAVITY 


DATE  In  ~  Z 

temp'  hyc.  hyd.*i  corr 
c*  READ  CORR  READ 


AMOUNT 


DISPERSING  AGENT. 
1  ml  DATE 


r.FNT-  k_^7c 
DATE  CALia. 


o 

<  a 

Ui  z 
c  w 
o  *2 


I 


19  min 


7,SSl  10  \±i\-Q  g,S*  sr.7,  ~S  a 

7S£  4  0  ™in  -o  z.o  ]  z>.%  i 

ZJtf  min  2<-o~  <g.o  %  8 


Zl  cO 


Zz.o  I  £>-0 


ZU  O  £>-• 


s 


$  coMvmoN  wcuhs  Tiur,  mcmocm,  and  kaocuiut 

DATE  IN: _  SUPERVISOR: 

L-4  (5-853  LOCATION: _ 


%  of  total  particle 

PASSING  DIAMETER 


0.050  mm 
<-  '  0.037  mm 

<-f'  I  '  0.0  19  mm 
q  ,-|  ^  0.009  mm 


0.005  mm 


0.002  mm 


0.001  mm 


STORAGE  LOCATION 


D-20 


1 1  ^r\c*iv;C-  •  L. u 


gradation  analysis 


job  no.  /CFtt 5; ?  part  no  y*  prep,  by 

RATE 

job  name  *^5/7 /C  =fo//. j  i&yi  4/  calc,  b^ 

QP_.CKED.BY  /)® 

HAIP  AS-f  DEPTH  2-y 

S  AM  PI  F  NO. 

VISUAL  DESCRIPTION*. 

SIEVE  SIZE 

3" 

1  1/2“ 

3/4“ 

3/8" 

NO. 4 

OF  PAN  AM3  SAMPLE 

WT.  OF  PAN 

DRY  WT.  RETAINED 

DRY  WT.  PASSING 

%  OF  TOTAL  PASSING 

W%  = 

SIEVING  TIME . 


SAMPLE  WEIGHTS 


WET 


ORY 


TOTAL 

SAMPLE 


RETAINED 
ON  NO.  4  _ 


PASSING 
NO.  4 


SIEVE 

NO. 

WEIGHT 

RETAINED 

WEIGHT 

PASSING 

%  OF 
TOTAL 
PASSING 

factor  =  =  - -  7-.053  ^ 

w  - 

8 

-  -  MOISTURE  DETERMINATION 

16 

£>t 

( i/D  \J 

• 

»4 

MATERIAL 

-4 

MATERIAL 

HYGRO. 

MOISTURE 

HYDRO. 

Sample 

30  C^) 

0-2— 

1  lTD  V 

r 

/DISH  NO. 

5MU£T 

50 

o*3 

ii  * 

WT.WETSOCAI^DBH 

S-o.UH 

100 

0  '/o 

/WT.  DRY  SOIL  AND  OSH 

•ZV.6 

200 

I'Z 

' 

■WT.  DISH 

Ztl.e> 

PAN 

— 

WT|.  OF  DRY  SOIL 

r  w 

4^.11^ 

TOTAL 

— 

*  MOISTURE 

• 

2-50  ' 

RUN  BY. 


HYDROMETER  ANALYSIS 


CYLINDER  NO. 
DISH  NO - 


ni.CPfRSlNft  AP.PMT'  k’/c 
DATE  AMOUNT  )  2  4  ml  DATE  CALIB. _ 


SPECIFIC  GRAVITY. 


CLOCK 

TIME 

TEST  TIME 

TEMP. 

c* 

HYD. 

READ 

HYD.« 

CORR 

7-W 

START  MIX 

— 

— 

*- 

— 

— 

T.& 

STOP  MIX 

— 

— 

- 

— 

— 

— 

7-S) 

1.0  min 

Z\  -  o 

Ut  o 

£■2- 

<\\<l 

7S-if 

4.0  min 

2\ . V 

27*  o 

%,10 

19  min 

-0 

Vf.o 

M. 

v?  ti 

60  min 

21  .e? 

3Sc  0 

si 

ran 

2-06 

7h  15  min 

ma 

SSI 

ran 

turn 

25h  45  min 

2*1  -  o 

Is).  0 

»r.« 

O 

z 

o 

< 

IU 

c 

o 

Ul 


o 

z 

V) 
V > 


•-  0. 

o 

ui 
c 
c 
o 
o 


c 

o 

f- 

o 

< 


< 

*- 

o 

u. 

o 

X 


%  OF  TOTAL 
PASSING 


05  Yp 


3/ 


JiL 


gravel 


SANO 


CLAY-SLIT 


HS 


PARTICLE 

DIAMETER 


0.050  mm 


>.037  mm 


u.O  1  9  mm 


0.009  mm 


T 


0. 005  mm 


J3  vfO.002  mm 


0.001  mm 


STORAGE  LOCATION 


$  cowcnow  wcuau  t*mp,  mcm 

—  DATE  IN:_ 

L-4  (5-e5)  LOCATION 


.  AMD  DCnoaUMT 

_  SUPERVISOR: 


D-2 1 


gradatjon  analysis 

WORKSHEET 


LAB  NO 


HOLE 

VISUAL  description: 


DEPTH  AY _  SAMPLE  NO _ 

ption:  °n *  '/■  K  ih  1 /A /< f >  'iffi'rf/'-n  tewc/i* 


RUN  BY _ 


SIEVE  SIZE 


OF  PAN  AND  SAMPLE 


WT.  OF  PAN 


DRY  WT.  RETAINED 


DRY  WT.  PASSING 


OF  TOTAL  PASSING 


RUN  BY 


SIEVE 

NO. 


8  (tlf) 


6 


SAMPLE  PREPERATION 


SIEVING  time 


SAMPLE  WEIGHTS 

WET 

DRY  j 

TOTAL 

SAMPLF 

,  RETAINED 

ON  NO.  4  • 

H.O 

PASSING 

NO.  4 

■ \£39. 

1 

SIEVE  AND  HYDROMETER  ANALYSIS 


FACTOR  =  - 

W 


SIEVING  TIME 


MOISTURE  DETERMINATION 


-4  I  HYGRO. 

MATERIALl  'moisture 


so 


100 


200 


PAN 


TOTAL 


CYLINDER  NO.  *7 
DISH  NO - 


CLOCKITEST  TIME  I  TEMP 


START  MIX 


STOP  MIX 


1.0  min 


4.0  min 


19  min 


60  min 


7h  15  min 


.WT.  0ISH 


WT(.  OF  DRY  SOIL 


X  MOISTURE 


HYDROMETER  ANALYSIS 


HiJ-0  I  SV> 


3«-S~ 


tw.9 


SPECIFIC  GRAVITY. 


DATE. 


AMOUNT 


Z/o 


‘0  7 *  0  r5.3 


Z-l  <■  O  0  ^  i  1  • 


a/  -O  7*0  *55 


W  9 


«r.^|25h  46  min  3/  .  Q  £  ,ST 


•1 

o 

z 

o 

< 

o 

Ui 

Z 

CO 

c 

Q 

CO 

Ui 

0. 

o 

. J 

Ui 

< 

cn 

c 

o 

o 

H* 

o 

u. 

X 

o 

<r 

o 

p- 

o 

< 

u. 

DISPERSING  AGENT 
l  £5"  ml  DATE  CALia 


PARTICLE 

DIAMETER 


0.050 

mm 

0.037 

mm 

0.0  19 

mm 

0.009 

mm 

0.005 

mm 

0.001  mm 


STORAGE  LOCATION 


&  comwcnoN  mcuMS  n«N  ncmoo*.  «mo  ocnocuLENT 

—  DATE  IN: _  SUPERVISOR: 

l-4  (s-es)  LOCATION: _ 


.Colorado  \ 
^Analytical  \ 
\  Laboratory 


SOIL 


WATER 


ENVIRONMENTAL 


LABORATORY  ANALYSIS  REPORT 


REPORT  TO:  Norman  Leuis 


BILL  TO:  Chen-Northern,  Inc. 
96  South  Zuni 
Denver,  CO  80223 


LAB  NO:  8363 
DATE  RCVD:  4-21-89 
REPORTED:  5-4-89 


P.O.  4: 


ANALYSIS  REQUESTED: 

13  Soils  for  CEC  -  (EPA  Method  9081) 


Chen  Job  #:  1-555-89 


ANALYSIS  REPORT: 


Sample  ID 


lysis  Supervised  by 


CEC 

(meg/100q) 


Data 


~cP 


oved  for  Release  by 


240  S.  Mein  Street  •  Brighton.  Colorado  SOS0 1  •  (303)659-2313 

Mailing  Addreee:  P.O.  Drawer  507,  Brighton.  CO  8060 1 


.•M<  k. 


LABORATORY  ANALYSIS  REPORT 

REPORT  TO:  Norman  Lewis 

BILL  TO:  Chen-Northern 
96  South  Zuni 
Oenver,  CO  80223 

ANALYSIS  REQUESTED: 

10  Soil  Samples  for  CEC  -  (EPA  Method  9081) 

Chen  Job  #:  1-555-89 

sssaanmssssasssassxsasss33SXS3sass>i!ESBSBasasssscss«es 

ANALYSIS  REPORT: 


LAB  NO:  8464 
DATE  RCVD:  6-7-89 
REPORTED:  6-20-89 
P.O.  «:  50984 


Analysis  Supervised  by 


Data  App/joved  for  Release  by 

0 


240  S.  Main  Street  •  Brighton,  Colorado  80601  e  (303}  659-2313 
Mailing  Addraaa:  P.O.  Drawer  507,  Brighton.  CO  60601 


S.-CHATl 

DAT  r. 

BATCH  NO.  ;-T-4 


PFOoRAf*  -  i 

i  v~  I  A1.  m;  .  .: 

i’L  ..  •  i‘  »" 1  -  - 

■  m  .  1 3  •  *'•  *  r  j  h .  '  * 

:  •:•  :  •  !  •  v  :  3-: 

Ms  -i;  J  -C’K r  :  *i;icr 

;  M-  C  1  -  T  IOM 

lm'H  :  U-  i-..  'i :  ut 

*  , 

•  _jt  ,• 

» .  *’ 

HADE  -  :  H '  ’  ■  '  r  n  ' 

r-cv  . 

f  C4.K 

hI  --.  3_r"-'LE0E 

:  n.'-;  _ : 

;  t  N 

M.'-r.MJr  :i_ 

CT...AV  T  I  ft 

Tine  C  C!I"3T  AN"r 

•  ,*.  cr 

*'E4C.. '  CrEMT  T:t«r 

i  -:-C  » 

l  •  0 

ref _ i :  airs 

tMCt  rii_i> :  ccrv-c 

.:  r  i  or-- 

OFF 

:.amfle 

:r;c: 

'  *  -  ^ 

MIAN 

P-B3 

BLANK 

o.  0 

0.002 

0.  002 

0.  002 

STANDARD 

1 

5  0.0 

7 

0.  224 

0.  223 

0.  225 

STANDARD 

2 

1 00 . 0 

0.3 

0.425 

0 . 4  2  to 

0.423 

STANDARD 

3 

20  3.0 

0. 3 

0.  -J  42 

0.  £40 

0.  845 

8464. 1  | 

♦  i 

13.5 

i 

•  1  • 

0 . 0 

0.063 

0.  063 

0.062 

0';[ 

■ 1  *1 :  - 

•  U 

4.  , 

1 

i.  1 

t  H 

,  <«"; , 

SAHfLE  i  i, 

CONC 

7.RSD 

MEAN 

READINGS 

:  • 

ABS 

0464.2  ! 

12.0 

•>.  9 

0.054 

0. 054 

0.054 

8464.3  , 

35.2 

1 . 2 

0.  158 

0.  157 

0.  159 

0464.4  .. 

11.7 

0.5 

0 .  053 

0.053 

0.  052 

0464.3 

8.6 

0.033 

0.  037 

0.038 

3464.6 

e.H 

—  .  / 

0 . 040 

0.  o  39 

0.040 

84#4.7 

10.0 

1.7 

0.  045 

0.045 

0.  044 

3464.8 

|  OVER 

0 . 0 

1.171 

1.  191 

1.  191 

04$#.' 9  | 

119.2 

o.  1 

'  0.505 

0.506 

0.505 

MLf.10  » 

31.0 

0.2 

0.139 

0.  139 

0.  139 

^4  0 

27.9 

0.3 

0 .  1 25  .. 

0.  125 

0.  126 

i 

,  *oi. i 

0.5 

0.429 

0.428 

0.431 

(^PO«  0  (i 

J  i  »» 

t  *  •  *» 

79.  2 

0.006 

0.009 

0.002 

— i#::  ! 

tic; Mjjkif  '  i. 

; 

D-31 

mtr  i— 

41  •*<«.  . 

-- 

i 

